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1. Introduction
In the past RAN4 meetings, there are three approved LS responses [1-3] to RAN1 on interference modelling to facilitate the discussion on the RAN1 evaluation methodology, in the discussion for duplex evolution. 
In RAN1 #111, the agreements captured in R1-2302087 [4] are achieved on interference modeling, while it is expected RAN4 to response to the RAN1’s understanding and reply with relevant information. In this contribution, we would like to provide the analysis on RAN1 agreements/working assumptions and the draft reply LS is provided in the Appendix accordingly. 
2. Discussion on Response to RAN1 LS (R1-2302087)
There are four RAN1 agreements and one working assumption contained in R1-2302087. We assume there is no expected RAN4 response to Agreement-1 and Agreement-2, while we will provide our analysis for others. 
2.1 Agreement-3 in R1-2302087
	Agreement-3
For SLS in RAN1, for co-site gNB-gNB adjacent-channel CLI modelling, reuse similar method as co-site inter-sector co-channel inter-subband CLI modeling as follows. 


·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x in adjacent channel (in linear scale).
·  is the total number of DL RBs in adjacent channel.
·  is the number of DL RBs allocated for DL transmission of sector x in adjacent channel.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI between the aggressor sector x and the victim sector. 
· 
· FFS the concrete value of 
·  and  are in linear scale. 
Send an LS to RAN4 to inquire on the value of .



In the above agreement-3, it should be noted that the part concerning to RAN4 is , the interference suppression capability of co-site inter-sector adjacent-channel inter-subband CLI between the aggressor sector x and victim sector. Based on the approved WF [R4-2214377] and WF [R4-2217464], the following RAN4 agreement is given: 
	Agreement on feasibility and how to model co-site gNB-gNB CLI modelling (R4-2214377)
· 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 (R4-2217464)
Adjacent-channel co-site inter-sector gNB-gNB CLI modelling
· For adjacent-channel co-site inter-sector gNB-gNB CLI modelling, it is encouraged to provide the numerical value for: 
· The achievable coupling loss in the case of co-site inter-sector gNB-gNB
· Compared to self-interference, FFS the antenna isolation (with the achievable coupling loss). 
· Practical issues to achieve antenna isolation can be considered: e.g. increasing sector separation, mounting isolating materials on the site and the physical characteristics of such materials (size, weight etc.)
· Clarification on the value discussed here:
· the adjacent-channel co-site inter-sector gNB-gNB CLI discussed here is for the sum contributions from all co-site gNBs. 



Based on the above RAN4 agreement, we can generally confirm the following method to derive : 

in which we can use  and  according to the RAN4 specifications as the baseline for SBFD evaluation. 

For the spatial isolation for co-site inter-sector adjacent CLI modeling, we assume the level of spatial isolation shall be higher than the spatial isolation for co-site inter-sector co-channel CLI, based on the below analysis, in which we use the below figure as illustrative purpose for 
· A1 as the concerned sector as victim, and 
· A2 and A3 as co-site sectors for co-channel inter-sector CLI, and 
· B1, B2 and B3 so-site sectors for as adjacent-channel inter-sector CLI.
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Figure-1. Illustration of co-site inter-sector CLI for co-channel and adjacent-channel cases.
Considering the longer distance of adjacent-channel inter-sector CLI (e.g., B2 to A1), than the distance of co-channel inter-sector CLI (e.g., A2 to A1), we expect the spatial isolation shall be larger, which can be translated to 20-30dB higher spatial isolation. For the spatial isolation for co-channel inter-sector interference, we have the following agreement (based on the approved WF [R4-2302922]. 
	Co-channel inter-sector interference analysis from BS aspect for SBFD operation 
Agreement 
Inter-sector isolation value range
· Regarding spatial isolation values, the following values have been proposed for macro BS in RAN4: 
· FR1: 62-93dB with 75dB being typical values.
· FR2: 75-98dB with 88dB being typical values.
· Some companies have proposed that isolating materials could be added between sectors to increase the isolation. RAN4 has not yet discussed the details of what kind of materials and the building practice or whether such approaches can be applied to outdoor sites. Further improvement over the spatial isolation is FFS.  
· In forthcoming meetings values for macro and other BS classes should be proposed



Therefore, for the spatial isolation of adjacent-channel inter-sector CLI like sector B2 to A1 or equivalently sector B3 to A1, we assume the following values for macro BS: 
· FR1: 87-118dB with 100dB being typical value.
· FR2: 100-123dB with 113dB being typical value.
For the spatial isolation of adjacent-channel inter-sector CLI like sector B1 to A1, it should be much higher than the spatial isolation for self-interference, which is assumed to be 80dB for FR1 and 87dB for FR2 as typical value. Considering the longer distance contribute 25dB more isolation, we assume the above typical value for isolation can also be achievable. 
It should be noted that for adjacent-channel inter-sector CLI, we also see the possibility to use EM conjugated structure to provide further spatial isolation in addition to the values given above. By arranging sector antennas for two adjacent channels to be deployed vertically, additional spatial isolation e.g., 25dB can be provided if the EM conjugated structure is installed in the middle.

Proposal 1: RAN4 reply the following information related to Agreement-3: 
· Based on RAN1’s understanding on the co-site gNB-gNB adjacent-channel CLI modelling (i.e., reusing similar method as co-site inter-sector co-channel inter-subband CLI modeling), RAN4 would like to provide the understanding on  (i.e., the interference suppression capability of co-site inter-sector adjacent-channel inter-subband CLI between the aggressor sector x and the victim sector) as

in which 
·  and : RAN4 agree to apply gNB ACLR and gNB ACS minimum requirement according to the RAN4 specification as the baseline for SBFD evaluation. 
· For the spatial isolation of adjacent-channel inter-sector CLI, the following values have been proposed for macro BS in RAN4:
· FR1: 87-118dB with 100dB being typical value.
· FR2: 100-123dB with 113dB being typical value.
· Note: Companies has proposed that isolating materials between adjacent channel antennas and RF interference cancellation can provide additional spatial isolation. 

2.2 Agreement-4 in R1-2302087
	Agreement-4
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
· 
·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
Send an LS to RAN4 to inform them of the above agreement and to check if the RAN1 agreement is inline with RAN4’s understanding.



For the Agreement-4, RAN4 would like to confirm RAN1’s understanding. For the level of , we would follow the analysis in our accompanying papers on FR1 and FR2 UE RF feasibility, i.e., 33dB for FR1 and 30dB for FR2, based on the performance typical for legacy UE.  

Proposal 2: RAN4 reply the following information related to Agreement-4: 
· RAN4 confirm RAN1’s understanding on this model;
· For the in-channel selectivity (or subband selectivity)  used in this modeling, the following values have been proposed in RAN4:
· 33dB for FR1 and 30dB for FR2;
· Note 1: based on the performance typical for legacy UE.

2.3 Working Assumption in R1-2302087
	Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat


· , , is modelled as white Gaussian noise, 
·  
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
Send an LS to RAN4 to inform them of the above agreement and to check if the RAN1 agreement is inline with RAN4’s understanding.



For the modelling contained in the above working assumption, we assume the part concerning to RAN4 is still the value of ICSUE, for which the same response to Agreement-4 can be reused.  

Proposal 3: RAN4 reply the following information related to Working Assumption: 
· RAN4 confirm the same response for  to Agreement-4 can be reused here.  

With the above discussion and analysis, the draft reply LS is provided in the Appendix-1. 


3. Conclusion
In this contribution, we provided our viewpoints on RAN1 agreements/working assumptions in R1-2302087 and the draft reply LS is provided in the Appendix accordingly. Specifically, the following proposals are provided: 
Proposal 1: RAN4 reply the following information related to Agreement-3: 
· Based on RAN1’s understanding on the co-site gNB-gNB adjacent-channel CLI modelling (i.e., reusing similar method as co-site inter-sector co-channel inter-subband CLI modeling), RAN4 would like to provide the understanding on  (i.e., the interference suppression capability of co-site inter-sector adjacent-channel inter-subband CLI between the aggressor sector x and the victim sector) as

in which 
·  and : RAN4 agree to apply gNB ACLR and gNB ACS minimum requirement according to the RAN4 specification as the baseline for SBFD evaluation. 
· For the spatial isolation of adjacent-channel inter-sector CLI, the following values have been proposed for macro BS in RAN4:
· FR1: 87-118dB with 100dB being typical value.
· FR2: 100-123dB with 113dB being typical value.
· Note: Companies has proposed that isolating materials between adjacent channel antennas and RF interference cancellation can provide additional spatial isolation. 
Proposal 2: RAN4 reply the following information related to Agreement-4: 
· RAN4 confirm RAN1’s understanding on this model;
· For the in-channel selectivity (or subband selectivity)  used in this modeling, the following values have been proposed in RAN4:
· 33dB for FR1 and 30dB for FR2;
· Note 1: based on the performance typical for legacy UE
Proposal 3: RAN4 reply the following information related to Working Assumption: 
· RAN4 confirm the same response for  to Agreement-4 can be reused here.  
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1	Overall description
For RAN1 LS R1-2302087, RAN4 thanks RAN1 for further sharing the agreements and working assumption for Rel-18 NR duplex evolution study. For the following agreements and working assumption regarding the interference modelling for SBFD operation, RAN4 has discussed and conclude the reply as follows:  
· Regarding RAN1 Agreement-3 in R1-2302087, 
· Based on RAN1’s understanding on the co-site gNB-gNB adjacent-channel CLI modelling (i.e., reusing similar method as co-site inter-sector co-channel inter-subband CLI modeling), RAN4 would like to provide the understanding on  (i.e., the interference suppression capability of co-site inter-sector adjacent-channel inter-subband CLI between the aggressor sector x and the victim sector) as

in which 
·  and : RAN4 agree to apply gNB ACLR and gNB ACS minimum requirement according to the RAN4 specification as the baseline for SBFD evaluation. 
· For the spatial isolation of adjacent-channel inter-sector CLI, the following values have been proposed for macro BS in RAN4:
· FR1: 87-118dB with 100dB being typical value.
· FR2: 100-123dB with 113dB being typical value.
· Note: Companies has proposed that isolating materials between adjacent channel antennas and RF interference cancellation can provide additional spatial isolation
· Regarding RAN1 Agreement-4 in R1-2302087, 
· RAN4 confirm RAN1’s understanding on this model;
· For the in-channel selectivity (or subband selectivity)  used in this modeling, the following values have been proposed in RAN4:
· 33dB for FR1 and 30dB for FR2;
· Note 1: based on the performance typical for legacy UE.
· Regarding RAN1 Working Assumption in R1-2302087, 
· RAN4 confirm the same response for  to Agreement-4 can be reused here.  
2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to consider above replies in the future discussion. 
3	Dates of next RAN WG 4 meetings
TSG RAN WG4 Meeting #107			22nd – 26th May, 2023   	    		Incheon, Korea
TSG RAN WG4 Meeting #108			21st – 25th August, 2023   	    	Toulouse, France
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