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Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


Except study on adjacent channel co-existence, co-channel interference and regulation survey, there is also a note indicating that RAN4 should provide necessary information pending on RAN1 request. And corresponding RAN1 LS was sent to RAN4 with request on interference modelling as in [2]. This contribution provides our analysis and proposal with respect to RAN1 questions. And it should be noted that there is overlapping between RAN1 early request and RAN4 original task on feasibility study, which is supposed to be continued during SI phase. To reply RAN1 request on a timely manner, we may provide an agreeable rough range for purpose on their system evaluation. At the same time RAN4 can continue the study on RF feasibility to draw the conclusion with refinement according to comprehensive understanding. But still in this contribution we unavoidably touch the preliminary calculation on the necessary RSI in part one. 

In RAN1 LS there are three interference scenarios described as below with each scenario illustrated 
1) gNB co-channel self-interference(SI) model to support SBFD
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Figure 1-2: co-channel SI for SBFD sub-band configuration#2
Figure 1-1: co-channel SI for SBFD sub-band configuration#1




The SBFD sub-band configuration will not have impact on SI model. Hence in following discussion, SBFD#1 will be taken as example to illustrate the interference model for remaining scenarios. 

2) Co-channel inter-subband CLI model on:
· Inter-site gNB-gNB case
· Co-site inter-sector case for gNB
· UE-UE case
	[image: ]DL on CC2
UL on CC1
Figure 2-3-1: illustration on UE CLI with separated CC from UE perspective
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Figure 2-1: illustration on co-site and inter-site gNB in single operator layout
Figure 2-2: illustration on co-channel interference between gNBs
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Figure 2-3-2: illustration on co-channel inter-subband CLI between UEs with aligned CHBW

3) Adjacent channel CLI model on 
· Co-site co-sector gNB-gNB
· Co-site inter-sector gNB-gNB
· Inter-site inter-sector gNB-gNB
· UE-UE case 	
· Inter-site co-sector gNB-gNB
Note: the last one is not explicitly captured in RAN1 LS for two system layout with 100% grid shift
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Figure 3-2: Multi operator layout-coordinated operation 
Figure 3-1: Multi operator layout-uncoordinated operation 
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In following clause 2 to 4, the corresponding discussion for each interference scenario is provided respectively according to RAN1 request. 
Co-channel self-interference model        
In SBFD operation there is co-channel self-interference caused by gNB’s own transmission with the PA non-linearity as the main contributor. And co-channel self-interference is recognized as the most critical and fundamental challenge should be conquered to enable SBFD operation on UL reception within DL slot from gNB perspective. And we should face up the reality that the improvement of gNB to support necessary self-interference cancellation for Full-duplex is unavoidable. Hence 3GPP discussion on feasibility could not stick to existing RAN4 minimum requirement which may not be accommodated perfectly for XDD scenario. However, it still should be emphasized that current feasibility assessment on self-interference cancellation doesn’t imply to corresponding requirement yet, which would be separated topic in subsequent discussion. 
Observation 1: In SI model discussion, improvement on solution/implementation should be considered for SBFD case. 
[image: ]
Figure 4: Illustration on SIC implementation candidates
Quite a lot of self-interference cancellation schemes have been demonstrated with aim to support SBFD operation. As mentioned in RAN1 LS, regarding the ratio of self-interference (RSI) there are several aspects considered as spatial isolation, subband frequency isolation, digital IC, and beam form nulling/isolation. All those items can be categorized as passive isolation and active isolation. Traditionally, the passive isolation is mainly carried out in component of antenna panels. And the frequency isolation, digital isolation and beam form nulling/isolation belong to active isolation, for which it’s always assumed that receiver knows well the signal transmitted. The figure 4 provides the illustration on candidate solutions for SIC in implementation. 
Agnostic to which interference cancellation mechanism to be applied, the design target is to reduce the self-interference level observed in self-receiver. To meet this goal there are two obstacles should be paid attention as LNA saturation and ADC saturation of receiver, which are all related to dynamic range. In the end the passive isolation and other isolation mechanism(s) applied before receiver ADC should guarantee the total level to be inserted to ADC is within the dynamic range. Usually, more than one IC solutions will be applied in real design for FD Base Station. Hence the total RSI should be combined result of each individual component. In the other word, if the isolation/IC performance of certain solution is better, the design target of remaining parts would be relaxed considering the cost (complexity) and necessity. But, here in this contribution the achievable level each of interference cancellation method is provided for both conventional and improved solutions in general. 
Spatial isolation 
As agreed in RAN1, it’s assumed separate panels for simultaneous downlink transmission and uplink reception as separate-TX/RX antenna array for evaluation of SBFD operation. The basic spatial isolation between RX and TX antenna panels can be achieved by directional isolation. Take 2.4GHz carrier frequency as example, measurement results shows that at least 40dB spatial isolation can be ensured by compact antenna size and typical beamwidth/beam separation. With higher carrier frequency, the basic spatial isolation should be increased accordingly. 
On top of directional isolation, the cross-polarization can also contribute up to 10dB on more self-interference isolation. Beside these, other mechanisms can be applied to improve the spatial isolation are circulator, shielding case, metal fences, defected ground structure, absorptive materials. 
According to above summary on mechanisms and measurement results, the achievable level for TX and RX spatial isolation without impact on radiation pattern based on compact antenna size is 70-80dB for FR1 and 90-120dB for FR2. The range exists due to deviation between TX/RX beam pair or port pair. 
Observation 2: there are quite many mechanisms can be applied to improve spatial isolation
Observation 3: 70-80dB for FR1 and 90-120dB for FR2 are achievable spatial isolation to support SBFD operation.
Subband frequency isolation 
The frequency isolation mainly reflects the capability to cancel the self-interference from impairment on the transmitted signal, mainly from transceiver nonlinearity in frequency domain. There are traditional RF requirements related this as ACLR and ACS, which are intended for adjacent leakage or selectivity with certain implementation solution(s). According to PoC data disclosed so far, the frequency isolation between subband within channel can also approach the similar range as ACLR and ACS for each Frequency Range. As for FR1 subband frequency isolation can be in range of 30-40dB without DPD, with DPD applied up to 50dB isolation can be observed. Regarding FR2, up to 30dBc frequency isolation can be reached without DPD. 
Observation 4: co-channel subband frequency isolation can attain the similar level as ACLR. 
Digital IC
As aforementioned theoretically, the digital IC should be with the capability to remove all remaining self-interference if the total level to be handled by ADC input is within its dynamic range. For 12bit ADC with assumption of 12dB PRPA signal, the dynamic range is 50+dB.
Observation 5: digital IC capability depends on ADC dynamic range theoretically. 
Beam nulling/isolation
Beam nulling is pending on implementation and antenna array size. For FR1 up to 10dB beam nulling isolation can be contributed to RSI if considered. However, with increased antenna size, for FR2 the complexity and cost of beam nulling will increase accordingly. And the beam nulling effect on isolation could be up to 5dB. However, it’s believed that this aspect may have been combined with the antenna isolation to some extent. 
Observation 6: beam nulling if considered can contribute up to 10dB for FR1 and 5dB for FR2. 
Others
1) RSI dependency on TRX RB pair 
In practice, the nonlinearity of PA doesn’t show characteristic as mapping matrix between RB pair as all DL RBs will have some sort of intermodulation with all other DL RBs to create interference across the whole spectrum. Hence, in this contribution we just simply provide the analysis on co-channel interference model based on the full TX power of DL blocks and the SI power in the full subband for reception. 
Proposal 1: it’s suggested to consider frequency flat RSI model agnostic to frequency distance between TX and RX. 
2) RSI frequency granularity 
With frequency flat RSI model proposed, it seems RSI frequency granularity is not critical. However, according to the current RAN1 discussion agreement, the SBFD will be configured in sub-band manner with several blocks considered in one channel. Hence the RAN4 discussion ON RSI should be in the same granularity as sub-band. 
Proposal 2: RSI model should be defined with granularity at least in order of sub-band. 
3)  RSI dependency on antenna correlation 
For AAS, different correlation levels between transmitters were performed to evaluate the impact on the system performance degradation. But the conclusion is that the correlation level of adjacent channel power is not critical to SLS. Furthermore, there is simulation results show that correlation level =1 would be the worst case for performance simulation. Hence, we propose to take a simplified assumption as correlation in RSI definition for the time being. It’s not precluded further refinement in future if needed. 
Proposal 3: it’s proposed to consider full antenna correlation for RSI model. 
4) RSI dependency on BS class
The self-interference level is related to transmitted power level (Ptx) which is related to BS class. And the bearable interference level is also related to reference sensitivity (thermal noise and noise figure) which is differentiated for BS class. Hence for LA and MR BS, which is with lower output power level and larger NF, the requested RSI cancellation level can be smaller than WA BS.  
Observation 7: the requested RSI cancellation level of certain gNB is dependent on transmitted power level and reference sensitivity level. 
5) RSI dependency on receiver blocking and AGC
To estimate the level for LNA saturation there is dynamic range for FR1 case when the receiver is achieving a high SINR despite a large interference level. But the interference, configured as AWGN signal, is only 20dB above noise floor according to SLS, which is supposed to be far below the LNA blocked level. And the in-band blocking, for which the jammer is allocated on the 2nd adjacent channel can be taken as a rough estimation on receiver saturation level. Hence this can be considered as one check point for link budget calculation. But the factor of blocking may be transparent in final SINR calculation since there would be other process to depress the self-interference. 
AGC should be implemented in receiver to reduce RX gain for UE far beyond the cell edge in RF-FE part, which will degrade the self-interference as well. In practice it is necessary that the spatial isolation and any analog SIC is such that the TX interference power is within the dynamic range of the system ADC. It is critical in designing any system that the RX gain, while factoring in any analog AGC, is set so that the TX interference power does not exceed the ADC maximum. However, it’s difficult to provide dedicated quantity of RSI range specifically regarding this. 
Observation 8: blocking level can be taken as one check point for link budget calculation to avoid LNA saturation. 
Observation 9: Analog AGC will help to reduce the self-interference to ensure the input power within ADC dynamic range.
Observation 10: Blocking and AGC could be transparent in system simulation.  
In summary, to facilitate RAN1 and RAN4 study and evaluation, it’s suggested to provide frequency flat RSI to be defined as RSIC(ratio of self-interference cancellation). The baseline is that there is no significant path loss can be assumed for transmission to self-reception. Hence the self-interference to be confronted at receiver baseband could be derived by follows:
· 
· 
Where  is interference from surrounding system(s) including co-channel co-subband interference from UE belongs other cells and co-channel inter-subband interference from other gNB if exists for SBFD operation.  
Below table provides the summary on the interference isolation/cancellation range for each process and associated overall RSIC range for each Frequency Range. 
Table 1: value range of RSIC
	Parameter
	FR1
	FR2

	Spatial isolation 
	70 -80 dBc
	90-120 dBc

	Frequency isolation
	45 dBc 
	30 dBc

	Beam nulling /isolation
	~10 dBc
	 ~5 dBc

	Digital IC 
	30-50 dBc
	30 -50 dBc

	Overall RSIC capability 
	140 – 185 dBc
	145 - 205 dBc



If it focus on co-channel self-interference only, then according to legacy experience the self-interference level to be handled before receiver BB should have marginal impact if it’s no larger than 6dB below the noise floor of own receiver, i.e. up to 1 dB degradation due to self-interference. The PoC measurement results are provided further in annex 1 and annex 2 for FR1 and FR2 respectively. It shows that the SIC capability to remove self-interference below noise floor is feasible. Further detail can be referred in [6]. 
· 
Co-channel inter-subband CLI model         
In context of co-channel inter-subband CLI model for SBFD operation, there are three cases as illustrated in figure 2. For these cases, similar to above discussion on RSIC, both TX nonlinearity and RX selectivity including REFSENS definitely would be the factors dominating interference modelling for co-existence analysis. Furthermore, for co-channel interference modeling it’s suggested to have frequency flat modelling with granularity of sub-band to facilitate the evaluation. Based on those factors analyzed for RSIC, we can check the applicability for each case for co-channel inter-subband CLI. 
Co-site inter-sector gNB-gNB co-channel inter-subband CLI
In case of co-site inter-sector gNB-gNB CLI, according to deterministic calculation it is problematic at least in deterministic calculation if MCL reused as co-location gNB (e.g., 30dB for FR1 and 45dB for FR2). And it would be impractical to rely on increased PL by physical distance to resolve the interference issue, considering the limitation on deployment. Hence SIC capability should be mandatory for co-site gNB inter-sector interference mitigation.
Proposal 4: The SIC capability is mandatory for co-site inter-sector gNB-gNB CLI with RSIC range in table1 is applicable.
Proposal 5: it’s suggested to derive interference level and SINR with below formulas for co-site inter-sector gNB-gNB case. 
· 
· 
Where  is interference from surrounding system(s) including.
Inter-site gNB-gNB co-channel inter-subband CLI 
If it’s preferred to leverage existing requirement in RAN4 specification, there are also two candidates of requirements can be reference which is also dependent on implementation. To facilitate the discussion, we tentatively name the inter-subband interference ratio as the factor of ASBIR (adjacent sub-band interference ratio). It should be noted that there is no IBE requirement for gNB, this is just taken as starting point since it’s expected that gNB should be capable to provide in-channel protection in comparative level as UE.  
o    Candidate 1: Adjacent channel requirement ACIR (ACLR and ACS) 
ASBIR =ACIR gNB-gNB=43dBc for FR1 
ASBIR =ACIR gNB-gNB=22.5dBc for FR2@28GHz
Note: this may be assumed based on sub-band filter considered in gNB.
o    Candidate 2: in-channel requirement such as IBE/ICS dynamic range etc
ASBIR=20+dBc for FR1
ASBIR=~14dBc for FR2
Note: the IBE of UE is utilized here as starting point. 
Based on applied ASRIB corresponding interference level and SINR can be derived with below formulas for SBFD case: 
· 
· 
Where  is interference from surrounding system(s) including.
UE-UE co-channel inter-subband CLI
Similar to discussion on above case, we can provide ASBIR for UE-UE case as below. It should be clarified that at least for legacy UE candidate 1 may be recoginzed as baseline to ensure the SBFD operation of gNB side is transparent to legacy UE with the configuration on separated channel bandwidth on UE and gNB side. And for ICS considered in candidate 2 there is no relevant legacy requirement for UE side. This is just taken as starting point which is also pending on UE implementation. 
o    Candidate 1: Adjacent channel requirement ACIR (ACLR and ACS) 
ASBIR =ACIR UE-UE=28dBc for FR1 
ASBIR =ACIR UE-UE=16.5dBc for FR2@28GHz
o    Candidate 2: in-channel requirement such as IBE/ICS dynamic range etc
ASBIR=20+dB for FR1
ASBIR=~14dB for FR2
Based on applied ASRIB corresponding interference level and SINR can be derived with below formulas for SBFD case: 
· 
· 
Where  is interference from surrounding system(s) including.

Proposal 6: above interference formulas and ASBIR in table 2 should be taken into account in reply to RAN1. 
Table 2: ASBIR (adjacent sub-band interference ratio) candidate for co-channel inter-subband CLI
	Frequency range
	Inter-site gNB-gNB
	UE-UE

	FR1
	Candidate 1
	43dBc
	28dBc

	
	Candidate 2
	20+dBc
	20+dB

	FR2
	Candidate 1
	22.5dBc
	16.5dBc

	
	Candidate 2
	~14dBc
	~14dB



Based on above discussion, the co-channel subband CLI modeling for each case is summarized below in table 3. 
Table 3: Co-channel inter-subband CLI modelling 
	Parameter
	RSIC
	Co-channel inter-subband CLI

	
	
	Co-site gNB-gNB
	inter-site gNB-gNB
	UE-UE

	Spatial isolation 
	√
	√ 
	Beamforming gain 
	Beamforming gain 

	Propagation Loss
	NA
	NA(simplified model)
	√
	√

	Frequency isolation
	√
	√
	ASBIR in table 3  
	ASBIR in table 3

	Beam nulling /isolation
	√
	√
	NA
	NA

	Digital IC 
	√
	√
	NA
	NA



Adjacent-channel interference model        
In context of adjacent-channel interference model for SBFD operation, there are 5 cases as illustrated in figure 3. For these cases, similar to above discussion on RSIC and co-channel inter-subband CLI modeling, both TX nonlinearity and RX selectivity including REFSENS definitely would be the factors dominating interference modelling for co-existence analysis. Again, for adjacent-channel interference modeling it’s suggested to have frequency flat modelling with granularity between SBFD sub-band and adjacent carrier to facilitate the evaluation. Based on those factors analyzed above, we provide the applicable interference leakage ratio and corresponding SINR formulas. 
Co-site co-sector gNB-gNB and Co-site inter-sector gNB-gNB
For adjacent channel interference between co-site gNBs, it is considered in scenario of Multi operator layout-coordinated operation with 0% grid shift. Regardless, co-sector or inter-sector, as long as the gNB is co-site, similar to co-channel inter-subband CLI, it’s believed that the SIC capability should be mandatory request to ensure co-site operation. Hence the RSIC present in table 1 should be applied for co-site gNB-gNB interference modeling with below formulas.
· 
· 
Where  is interference from surrounding system(s) including.
Inter-site inter-sector gNB-gNB and inter-site co-sector gNB-gNB
For adjacent channel interference between inter-site gNBs, it is considered in scenario of Multi operator layout-uncoordinated operation with 100% grid shift. In general, for this case the interference model is similar as legacy RAN4 co-existence study for CLI, in which ACIR between gNB-gNB could be applied tentatively. But RAN4 co-existence study on adjacent channel will check further if there is necessity to improve the ACLR and ACS requirement for gNB capable of SBFD. In addition, if it’s preferred to have finer frequency granularity, the legacy LTE model in TR36.942 can be considered. However, it should be double checked for FR2 whether such step size could be applied.
Temporarily, we consider the one simple ACIR in general as table 5. Then the interference for inter-site gNB-gNB can be derived by formulas below: 
· 
· 
Where  is interference from surrounding system(s) including.
UE-UE case 	
In general, for this case the interference model is similar as legacy RAN4 co-existence study for CLI, in which ACIR between UE-UE could be applied simply as it’s not expected any update on ACLR and ACS requirement from UE perspective. If it’s preferred to have finer frequency granularity, the legacy LTE model in TR36.942 can be considered. However, it should be double checked for FR2 whether such step size could be applied.
Temporarily, we consider the one simple ACIR in general as table 4. Then the interference for UE-UE case can be derived by formulas below:
· 
· 
Where  is interference from surrounding system(s) including.

Table 4: ACIR 
	Frequency range
	Inter-site gNB-gNB
	UE-UE

	FR1
	43dBc
	28dBc

	FR2
	22.5dBc
	16.5dBc



Based on above discussion, the co-channel subband CLI modeling for each case is summarized below in table 5 
Table 5: adjacent-channel inference modelling 
	Parameter
	RSIC
	Adjacent-channel interference

	
	
	Co-site gNB-gNB
	inter-site gNB-gNB
	UE-UE

	Spatial isolation 
	√
	√ 
	Beamforming gain 
	Beamforming gain 

	Propagation Loss
	NA
	NA(simplified model)
	√
	√

	Frequency isolation
	√
	√
	ACIR in table 5  
	ACIR in table 5

	Beam nulling /isolation
	√
	√
	NA
	NA

	Digital IC 
	√
	√
	NA
	NA




Conclusion   
The UL reception SINR formula for gNB with SBFD operation is summarized as below:

Where 
And the Interferenceother is interference from surrounding system(s) includes below cases which is applicable for certain scenario
·  
· 
· 
· 
· 

For victim UE DL reception with UE UL interference the SINR formula is summarized as below:

Where the Interferenceother is from victim UE transmission as below 
· 
· 
And the RSIC, ASBIR, and ACIR are provided in table 1, table 2 and table 4 respectively. 
Based on above discussion, it’s proposed to discuss the reply RAN1 LS based on attached draft LS out.  
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1	Overall description
RAN4 thanks RAN1 for sharing the agreement on interference type for Rel-18 NR duplex evolution study. For the questions regarding the interference modelling for SBFD operation in SLS from RAN1, RAN4 has discussed and conclude the reply as follows:  
1) Reply to gNB self-interference modelling for system level simulation
The range for value of Ratio of gNB self-interference cancellation with respect to each aspect requested in RAN1 LS is summarized in table 1 in granularity of co-channel subband as below. As shown in table 1 the total RSIC should be combined and balanced result of each individual factor. 
Table 1: value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	70 -80 dBc
	90-120 dBc

	Frequency isolation
	45 dBc 
	30 dBc

	Beam nulling /isolation
	~10 dBc
	 ~5 dBc

	Digital IC 
	30-50 dBc
	30 -50 dBc

	Overall RSIC capability 
	140 – 185 dBc
	145 - 205 dBc


It should be emphasized that RAN4 assumes RSIC in frequency flat manner. Hence the co-channel interference and SINR of gNB can be derived by below formulas:
· 
· 
This is simplified modelling with separated TX/RX antenna assumed for gNB. Regarding the AGC and blocking level of receiver, blocking level can be taken as one check point for link budget calculation to avoid LNA saturation. And Analog AGC will help to reduce the self-interference to ensure the input power within ADC dynamic range. However, these two factors could be transparent in system link simulation. 
In addition, according to legacy experience, as long as below criteria met, the impact on gNB self-reception due to SBFD operation should be marginable. Hence requested RSIC level of certain gNB is dependent on transmitted power level and reference sensitivity level.
· 

2) Reply to gNB-gNB and UE-UE co-channel inter-subband CLI modelling for system level simulation
In context of gNB-gNB co-channel CLI modelling, it’s suggested to distinguish co-site and inter-site scenarios as:
· Co-site gNB-gNB co-channel inter-subband CLI modelling:

· Inter-site gNB-gNB co-channel inter-subband CLI modelling:

In which the RSIC can be achieved as range shown in table 1, and the ASBIR (adjacent sub-band interference ratio) is shown in table2 below. The ASBIR is provided with existing requirement roughly. The candidate is related to different implementation assumption. Hence RAN4 may discuss further to refine the value. 
Table 2: ASBIR (adjacent sub-band interference ratio) candidate for co-channel inter-subband CLI
	Frequency range
	Inter-site gNB-gNB
	UE-UE

	FR1
	Candidate 1
	43dBc
	28dBc

	
	Candidate 2
	20+dBc
	20+dB

	FR2
	Candidate 1
	22.5dBc
	16.5dBc

	
	Candidate 2
	~14dBc
	~14dB



In context of UE-UE co-channel CLI modelling, it’s suggested to consider below formula. And ASBIR is also provided as table 2. For legacy UE the candidate 1 is assumed. 
· 

3) Reply to gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation
In context of gNB-gNB adjacent-channel CLI modelling, it’s also suggested to distinguish co-site and inter-site scenarios as:
· Inter-site gNB-gNB adjacent-channel: 

· Co-site gNB-gNB adjacent channel:

In which the RSIC can be achieved as range shown in table 1, and the ACIR is shown in table 3 below. The ACIR value is derived based on existing ACLR and ACS of gNB and UE specification in RAN4. And RAN4 will check the necessity to update the ACLR and ACS for gNB capable of SBFD operation in RAN4 co-existence study. 
Table 3: ACIR for adjacent channel
	Frequency range
	Inter-site gNB-gNB
	UE-UE

	FR1
	43dBc
	28dBc

	FR2
	22.5dBc
	16.5dBc



In context of UE-UE adjacent-channel CLI modelling, it is not expected that UE performance on adjacent channel will be changed especially for legacy UEs. Hence the legacy ACIR should be applied as in table 3. For FR1 the legacy LTE model with finer frequency granularity may be considered which needs further discussion. 
· 

2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to consider above answers in future discussion. 
3	Dates of next RAN WG 4 meetings
TSG RAN WG4 Meeting #104bis-e			10th –19th Oct, 2022   		    e-meeting
TSG RAN WG4 Meeting #105			14th – 18th Nov, 2022   	     	Canada


Annex 1: Measurement result of FR1 PoC 
Measurement result for FR1(3.5GHz) on antenna isolation is provide in figure1-2 (R1-2206421). It shows that more than 80 dB isolation can be achieved with spatial separation between TX and RX panels for C-band.
[image: ]      [image: ]   [image: ] 
Figure 1-2 from R1-2206421: Testbed to support self-interference cancellation in 3.5 GHz C-band and isolation performance with respect to the distance between the upper and lower panel
Measurement result for FR1 for frequency isolation is provided in figure 1-5 (R1-2206421). 45 dBc adjacent subband leakage ratio is possible with non-overlapped frequency in the C-band.
[image: ]
Figure 1-5 from R1-2206421: PSD after spatial isolation at RX chain (1 port) with DL leakage signal and UL signal in 3.5 GHz testbed

Measurement result for FR1 after digital IC is provided in figure 1-7 (R1-2206421). Through the outdoor measurement results, multiple interference channels can be removed simultaneously and in most 0.9 dB INR performance is measured using our c-band testbed.
[image: ]
Figure 1‑7 from R1-2206421: RX signal after digital cancellation in 3.5 GHz testbed (INR < 0.9 dB)

Annex 2: Measurement result of FR2 PoC 
Measurement result for FR2(26GHz) on antenna isolation is provide in figure below. More 87 dB isolation can be achieved with spatial separation between TX and RX panels for mmWave
[image: ] [image: Test scenario scene]
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Figure 1-3 from R1-2206421: Testbed to support self-interference cancellation in 26 GHz in outdoor over-the-air and isolation performance between TX and RX panel in respect to the operating frequency
Measurement result for FR2 for frequency isolation is provided in figure 1-6 (R1-2206421). 30 dBc adjacent subband leakage ratio is possible with non-overlapped frequency in mmWave.
[image: ]
Figure 1-6 from R1-2206421: PSD after spatial isolation at RX chain (1 port) with DL leakage signal without UL signal in 26 GHz testbed
For FR2, INR performance of 0.7 dB and 1 dB were measured in both 1T1R and 2T2R as shown in Fig 1-8 from R1-2206421.
[image: ][image: ]
Figure 1-8 from R1-2206421: RX signal after digital cancellation in 26 GHz testbed 1T1R (left), 2T2R (right)
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