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Introduction
This thread is on Rel-18 SI for Study on evolution of NR duplex operation, in which the following highlighted agenda items are supposed to be covered:
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5.19 Study on evolution of NR duplex operation	[FS_NR_duplex_evo]
5.19.1 General aspects (TR)	[FS_NR_duplex_evo]
5.19.2 Study the feasibility of and impact on RF requirements	[FS_NR_duplex_evo]
5.19.2.1 Adjacent channel co-existence evaluation 	[FS_NR_duplex_evo]
5.19.2.2 Implementation feasibility of SBFD	[FS_NR_duplex_evo]
5.19.2.2.1 Feasibility of FR1 BS aspects	[FS_NR_duplex_evo]
5.19.2.2.2 Feasibility of FR2 BS aspects	[FS_NR_duplex_evo]
5.19.2.2.3 Feasibility of FR1 UE aspects	[FS_NR_duplex_evo]
5.19.2.2.4 Feasibility of FR2 UE aspects	[FS_NR_duplex_evo]
5.19.2.3 Impacts on BS RF requirements	[FS_NR_duplex_evo]
5.19.2.4 Impacts on UE RF requirements	[FS_NR_duplex_evo]
5.19.3 Summary of regulatory aspects	[FS_NR_duplex_evo]
5.19.4 Moderator summary and conclusions


Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Topic #1: General
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315147
	Korea Testing Laboratory
	Observation 1. The LOS pathloss of the urban macro scenario has differences between RAN1 and RAN4.
Observation 2. Some simulation assumptions for SBFD show differences in RAN1 and RAN4.
Observation 3. In FR1 urban macro scenario, gNB-to-UE link is subjected to more loss in RAN1 results compared to RAN4 results
Observation 4. In FR1 urban macro scenario, gNB-to-gNB links have more loss in RAN4 results compared to RAN1 results.
Observation 5. In FR1 urban macro scenario, UE-to-UE links have less loss in RAN1 results compared to RAN4 results.
Proposal 1. Adding comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions in Annex E may help reader’s understanding.

	R4-2315798
	Nokia, Nokia Shanghai Bell, Spark NZ Ltd, Ericsson, CableLabs, Charter Communications Inc., Korea Testing Laboratory
	Observation 1. It is a common understanding that RAN1 and RAN4 have some differences in simulation assumptions for SBFD. 
Proposal 1. To include a subclause in Annex E.4 for comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions as proposed below.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Issue 1-1-1: Differences in RAN1 and RAN4 assumptions for SBFD simulations 
· Proposals/Observations from R4-2315147/R4-2315798: 
· Proposal 1: To include a subclause in Annex E.4 for comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions as proposed below.
· TP on adding the appendix of comparison of RAN1 and RAN4 simulation methodology and assumptions is provided in R4-2315798. 
· Moderator: There is TP (R4-2316500) is included in thread 306 for listing the RAN4 simulation assumption, and whether or not this can be treated as another way for listing RAN1 and RAN4 assumption differences?


Topic #2: Feasibility study on SBFD-capable BS
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2316383
	Huawei, HiSilicon
	In this contribution, we provide a few comments on the endorsed text proposal for section 10.1.

	R4-2315108
	CATT
	This TP provides the TP for FR1 LA BS feasibility according to [1] and [2]

	R4-2315607
	Ericsson
	TP to TR 38.858: Summary for FR1 BS feasibility

	R4-2316298
	Nokia, Nokia Shanghai Bell
	In this document we provide further input from Nokia to TR 38.858, covering the feasibility of FR1 medium range BS .

	R4-2316299
	Nokia, Nokia Shanghai Bell
	This contribution presents a TP with Nokia’s view on FR1 local area BS feasibility.

	R4-2316300
	Nokia, Nokia Shanghai Bell
	In this document we provide further input from Nokia to TR 38.858 on the feasibility of FR1 wide area BS.

	R4-2316301
	Nokia, Nokia Shanghai Bell
	Observation 1: There is no consensus on the feasibility of SBFD for WA base station, based on the self-interference analysis provided in Sections 9.2.1.1 and 9.2.1.2 of the TP endorsed in RAN4 #108. 
Proposal 1: Capture in the conclusions of the self-interference analysis for WA BS the views provided by the different companies, as: The feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1 presents companies’ views on the feasibility of SBFD for WA BS in FR1. 3 sources [Ericsson, CATT and Nokia] showed that the required RSIC budget is higher than the overall RSIC capability.  The range of overall RSIC capability obtained by these sources varies from 121 dB to 125 dB, while the range of required RSIC budged varied from 150.99 dB to 156 dB, which would result in high desensitization of the receiver. Other 3 sources [Qualcomm, Samsung, and Huawei] showed that the achieved RSIC capability exceeds the required RSIC budget, meaning that the 1 dB desensitization may be achieved. In this case, the range of overall RSIC capability is from 150.6 dB to 155 dB, while the range of required RSIC budget is from 149 dB to 155 dB.
The RSIC assumptions differ in terms of: 
-	BS transmit power
-	Spatial isolation capability
-	Spatial isolation techniques
-	TX beam nulling/ isolation capability
-	Frequency isolation at the Rx
-	RF and Digital interference cancellation capabilities
Based on the study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
Observation 2: There is no consensus on the feasibility of SBFD for WA base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis provided in Sections 9.2.2.1 and 9.2.2.2 of the TP endorsed in RAN4 #108. 
Proposal 2: Capture in the conclusions of the co-channel inter-sub-band co-site inter-sector interference analysis for WA BS, the views provided by the different companies, as: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1 detail companies’ views on the feasibility of SBFD for WA BS in FR1. 2 sources [Ericsson, Nokia] showed that the receiver is saturated, and that RX processing is not feasible. 2 sources [Samsung, Huawei] showed that the total interference in the RX subband would be below the noise floor, causing between 1 dB to 1.29 dB desensitization. 
The interference suppression techniques assumptions by the different companies vary in terms of:
-	BS transmit power
-	Number of co-site, co-channel sectors and the separation between them 
-	Spatial isolation and use of absorbing material and choke structure
-	Use of TX beam nulling
-	Frequency isolation at the RX
-	Use of Rx beam nulling
-	Digital interference suppression capability.
Based on the feasibility study on co-channel inter-subband co-site inter-sector in Section 9.2.2.2 and the summary table provided in Section 9.2.3.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 
Observation 3: There is no consensus on the feasibility of SBFD for MR base station, based on the self-interference analysis provided in Sections 9.3.1.1 and 9.3.1.2 of the TP endorsed in RAN4 #108. 
Proposal 3:  Capture in the conclusions of the self-interference analysis for MR BS, the views provided by the different companies, as:  The feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1 provide companies’ views on the feasibility of SBFD for MR BS in FR1. 2 sources [Nokia, Ericsson] show that the required RSIC budget is higher than the overall RSIC capability. The range of RSIC capability is between 110 dBc and 128 dBc, while the required RSIC budget is 134 dBc. These sources consider either a realistic implementation, or the minimum RAN4 requirements.  2 sources [ZTE, Ericsson] showed that it is possible to achieve RSIC capability higher than the required RSIC budged, when lower BS transmit power or an optimized implementation are considered. In this case, the overall RSIC capability varied from 130.4 dBc to 134 dBc, while the range of required RSIC budget varied from 127 to 134 dBc. 
The presented RSIC assumptions vary in terms of:  
•	Spatial isolation capability and spatial isolation techniques 
•	TX beam nulling/ isolation capability 
•	Blocker suppression at the RX 
•	Frequency isolation at the RX 
•	Digital interference cancellation capabilities 
Based on the feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1, it is concluded that assuming the RAN4 minimum requirements and the maximum BS transmit power, SBFD for MR base stations in FR1 is not feasible. Considering reduced BS transmit power or an optimized receiver, SBFD for MR base stations is feasible.  

Observation 4: One company provided results to the feasibility of SBFD for MR base station, based on the co-channel inter-sub-band co-site inter-sector interference analysis, showing that the desensitization due to the co-channel inter-sub-band co-site inter-sector interference would be between 4 dB and 22 dB. 
Proposal 4: Capture in the conclusions of the Co-channel inter-sub-band co-site inter-sector interference analysis for MR BS, the following: The feasibility study on co-channel inter-subband co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1 detail companies’ views on the feasibility of SBFD for MR BS in FR1. 1 source [Ericsson] provided results in the summary table. The results show that the total interference would be between -94 dBm and -74 dBm, which is above the noise floor. The desensitization due to inter-sector interference only would be between 4 to 22 dB, depending on the beam direction. 
Based on the study on co-channel inter-subband co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1, SBFD for the MR BS in FR1 is not feasible when co-channel co-site sectors are considered.

	R4-2316384
	Huawei, HiSilicon
	In this contribution we provide the text proposal based our analysis for FR1 MR BS in R4-2305302 submitted in RAN4#106bis.

	R4-2316385
	Huawei, HiSilicon
	In this contribution we provide the text proposal based our analysis for FR1 LA BS in R4-2305302 submitted in RAN4#106bis.

	R4-2316528
	ZTE Corporation
	Proposal 1: for multi-carrier SBFD operation (interpretation 1), feasibility study for single carrier SBFD could be applicable for it. 
Observation 1: FR1 antenna isolation among different sectors separated in the vertical domain on the mast are expected to be around 60dBc which is much less than 100dBc.

	R4-2316531
	ZTE Corporation
	This TP is to do some maintenance work based on the issues identified during the review phase.

	R4-2316602
	Samsung
	text proposal on the section of 10.2-10.4 for FR1 BS, based on the latest TR 38.858 v0.4.2

	R4-2315608
	Ericsson
	TP to TR 38.858: Summary for FR2 BS feasibility and Summary for FR1/FR2 BS feasibility

	R4-2316302
	Nokia, Nokia Shanghai Bell
	TP for Nokia’s views on the feasibility of SBFD for FR2 BS, including a TP to TR 38.858.

	R4-2316386
	Huawei, HiSilicon
	TP for maintenance and conclusion part for FR2 BS. 

	R4-2316532
	ZTE Corporation
	This TP is to do some maintenance work based on the issues identified during the review phase.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: General 
Issue 2-1-1: Remaining issue for multi-carrier support
[Moderator] The following agreements achieved for the interpretation of SBFD multi-carrier support: 
	Issue 2-1-3: Multi-carrier BS analysis
Agreement: 
· During Rel-18 SI, RAN4 will only discuss the interpretation-1 of multi-carrier support for SBFD-capable BS, i.e., SBFD operates in only one BS carrier, and legacy TDD operates in other intra-band BS carrier(s) contiguous or non-contiguous to the SBFD carrier.
· RAN4 didn’t study the feasibility for the case on interpretation-2 of multi-carrier support for SBFD-capable BS i.e., SBFD operates in more than one BS carriers, and legacy TDD operates in the other intra-band BS carrier(s) (if any), which is contiguous or non-contiguous to the SBFD carriers. 



· Proposal 1 (ZTE): for multi-carrier SBFD operation (interpretation 1), feasibility study for single carrier SBFD could be applicable for it.
[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\AFAC7DB9.tmp]
· Moderator Recommendation: 
· Discussion on P1 by considering the potential spec impact. 


Sub-topic 2-2: Remaining issues for FR1 WA BS 
Issue 2-2-1: Conclusion for Self-Interference for FR1 WA BS
· Text proposal from Samsung: 
	9.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
Based on the self-interference analysis provided in Section 9.2.1 for FR1 wide are BS, it can be observed that the implementation feasibility of controlling the residual interference to meet the 1dB receiver desensitivity target shall depends on the implementation of spatial isolation, frequency separation, beam nulling/isolation and digital IC capability. Among 6 companies’ technical inputs for 8 possible BS implementations, 6 BS implementations are demonstrated to be feasible to achieve the corresponding required residual self-interference cancellation capability for 1dB receiver sensitivity target.



· Text proposal from Nokia: 
	9.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
The feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1 presents companies’ views on the feasibility of SBFD for WA BS in FR1. 3 sources [Ericsson, CATT and Nokia] showed that the required RSIC budget is higher than the overall RSIC capability.  The range of overall RSIC capability obtained by these sources varies from 121 dB to 125 dB, while the range of required RSIC budged varied from 150.99 dB to 156 dB, which would result in high desensitization of the receiver. Other 3 sources [Qualcomm, Samsung, and Huawei] showed that the achieved RSIC capability exceeds the required RSIC budget, meaning that the 1 dB desensitization may be achieved. In this case, the range of overall RSIC capability is from 150.6 dB to 155 dB, while the range of required RSIC budget is from 149 dB to 155 dB.
The presented RSIC assumptions vary in terms of: 
· BS transmit power
· Spatial isolation capability and spatial isolation techniques
· TX beam nulling/ isolation capability
· Blocker suppression at the RX
· Frequency isolation at the Rx
· Digital interference cancellation capabilities
Based on the study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, there is no consensus on the feasibility of SBFD for the WA BS in FR1. 



Moderator’s recommendation after 1st round offline: 
· The following text proposal is adopted as the baseline for further refinement on the conclusion for self-interference for FR1 WA BS: 
	9.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
Based on the self-interference analysis provided in Section 9.2.1 for FR1 wide are BS, it can be observed that the implementation feasibility of controlling the residual interference to meet the 1dB receiver desensitivity target shall depends on the implementation aspects including: 
· Maximum BS transmit power
· Spatial isolation capability and spatial isolation techniques
· TX beam nulling/ isolation capability
· Blocker suppression at the RX
· Frequency isolation at the RX
· The digital interference suppression/cancellation capabilities

Based on the different assumptions and/or technique adoption for the above-mentioned implementations aspects, based on 6 companies’ technical inputs with 8 possible BS implementations, 3 companies have demonstrated the implementations can achieve the corresponding required residual self-interference cancellation capability for 1dB receiver sensitivity target, while other 3 companies have demonstrated the implementations are not able to achieve that. 





Issue 2-2-2: Conclusion for co-site Inter-sector interference for FR1 WA BS
· Text proposal from Samsung: 
	[bookmark: _Hlk142656802]9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 

[bookmark: _Hlk146756737]Based on the analysis on co-site inter-sector co-channel inter-subband interference provided in Section 9.2.2 for FR1 wide are BS, it can be observed that the implementation feasibility of controlling the co-site inter-sector co-channel inter-subband interference to meet the target of being less than certain level of receiver desensitivity could especially depends on the achievable spatial isolation between two sectors, the implementation of subband filtering, and the implementation of digital IC between two sectors. Among 4 companies’ technical inputs for 5 possible BS implementations, 3 BS implementations are demonstrated to be feasible to achieve reasonable residual level for co-site inter-sector co-channel inter-subband interference, i.e., causing around 1dB desensitivity from 1 co-site inter-sector interference source. 



· Text proposal from Nokia: 
	9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 
The feasibility study on co-channel inter-sub-band co-site inter-sector interference in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1 detail companies’ views on the feasibility of SBFD for WA BS in FR1. 2 sources [Ericsson, Nokia] showed that the receiver is saturated, and that RX processing is not feasible. 2 sources [Samsung, Huawei] showed that the total interference in the RX subband would be below the noise floor, causing between 1 dB to 1.29 dB desensitization. 
The interference suppression techniques assumptions by the different companies vary in terms of:
· BS transmit power
· Number of co-site, co-channel sectors and the separation between them (from 400 mm to 2.5 m)
· Spatial isolation and use of absorbing material and choke structure
· Use of TX beam nulling
· Frequency isolation at the RX
· Digital interference suppression capability.
Based on the feasibility study on co-channel inter-subband co-site inter-sector in Section 9.2.2.1 and the summary table provided in Section 9.2.2.2, there is no consensus on the feasibility of SBFD for the WA BS in FR1.  



Moderator’s recommendation after 1st round offline: 
· The following text proposal is adopted as the baseline for further refinement on the conclusion for co-site inter-sector interference for FR1 WA BS: 

	9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 

Based on the analysis on co-site inter-sector co-channel inter-subband interference provided in Section 9.2.2 for FR1 wide are BS, it can be observed that the implementation feasibility of controlling the co-site inter-sector co-channel inter-subband interference to meet the target (i.e., being less than certain level of receiver desensitivity) could especially depends on the implementation aspects including:
· Maximum BS transmit power
· Number of co-site, co-channel sectors and the separation between them (from 400 mm to 2.5 m)
· The achievable spatial isolation and use of absorbing material and choke structure
· beam nulling/ isolation capability Use of TX beam nulling
· Frequency isolation at the RX and the implementation of subband filtering
· The digital interference suppression/cancellation capability.

Based on the different assumptions and/or technique adoption for the above-mentioned implementations aspects. Based on 4 companies’ technical inputs for 5 possible BS implementations, 2 companies have demonstrated the implementations can achieve reasonable residual level for co-site inter-sector co-channel inter-subband interference, i.e., between 1 dB to 1.29 dB desensitization, while other 2 companies have demonstrated the implementations are not able to achieve that because the receiver is saturated, and the RX processing is not feasible. 






Issue 2-2-3: Summary for FR1 WA BS
· Text proposal from Samsung: 
	9.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
Based on RAN4 feasibility study on FR1 wide area BS, specifically the analysis on self-interference, co-site inter-sector co-channel inter-subband interference and inter-site inter-subband interference, RAN4 concluded that: 
· For self-interference analysis, the implementation feasibility of controlling the residual interference to meet the 1dB receiver desensitivity target shall depends on the implementation of spatial isolation, frequency separation, beam nulling/isolation and digital IC capability. Among 6 companies’ technical inputs for 8 possible BS implementations, 6 BS implementations are demonstrated to be feasible to achieve the corresponding required residual self-interference cancellation capability for 1dB receiver sensitivity target.
· For co-site inter-sector co-channel inter-subband interference, the implementation feasibility of controlling the co-site inter-sector co-channel inter-subband interference to meet the target of being less than certain level of receiver desensitivity could especially depends on the achievable spatial isolation between two sectors, the implementation of subband filtering, and the implementation of digital IC between two sectors. Among 4 companies’ technical inputs for 5 possible BS implementations, 3 BS implementations are demonstrated to be feasible to achieve reasonable residual level for co-site inter-sector co-channel inter-subband interference, i.e., causing around 1dB desensitivity from 1 co-site inter-sector interference source.
· For inter-sector co-channel inter-subband interference, RAN4 concluded the inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity. 


· Text proposal from Ericsson:
	9.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 

There is a lack of consensus among contributing companies on the feasibility of self-interference suppression for FR1 wide area BS.
Estimates for the isolation achievable between the TX and RX away and suppression from beam nulling are similar between companies. The differences arise from the following factors:
· Analogue filtering within the RX chain. Some companies claim that insertion of analogue sub-band filters within the RX chain is achievable, whereas other companies claim it is not achievable.
· TX interference cancellation. Some companies claim up to 20dB suppression from TX interference cancellation, whereas other companies claim it is not feasible (either due to complexity or due to the RX chain being saturated)

Regarding inter-sector interference suppression, there is a lack of consensus between contributing companies. The differences arise from the following factors:
· Some companies claim that it is feasible to engineer sites with greater distance and with isolating materials between sectors, whereas other companies claim that it is not feasible in practice.
· Analogue filtering within the RX chain. Some companies claim that insertion of analogue sub-band filters within the RX chain is achievable, whereas other companies claim it is not achievable.





Sub-topic 2-3: Remaining issues for FR1 MR BS 
Issue 2-3-1: Conclusion for Self-Interference for FR1 MR BS
· Text proposal from Nokia: 
	9.3.1.3	 	Conclusion 

The feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1 provide companies’ views on the feasibility of SBFD for MR BS in FR1. 2 sources [Nokia, Ericsson] show that the required RSIC budget is higher than the overall RSIC capability. The range of RSIC capability is between 110 dBc and 128 dBc, while the required RSIC budget is 134 dBc. These sources consider either a realistic implementation, or the minimum RAN4 requirements.  2 sources [ZTE, Ericsson] showed that it is possible to achieve RSIC capability higher than the required RSIC budged, when lower BS transmit power or an optimized implementation are considered. In this case, the overall RSIC capability varied from 130.4 dBc to 134 dBc, while the range of required RSIC budget varied from 127 to 134 dBc. 
The presented RSIC assumptions vary in terms of:  
· Spatial isolation capability and spatial isolation techniques 
· TX beam nulling/ isolation capability 
· Blocker suppression at the RX 
· Frequency isolation at the RX 
· Digital interference cancellation capabilities 
Based on the feasibility study on self-interference in Section 9.3.1.2 and the summary table provided in Section 9.3.1.1, it is concluded that assuming the RAN4 minimum requirements and the maximum BS transmit power, SBFD for MR base stations in FR1 is not feasible. Considering reduced BS transmit power or an optimized receiver, SBFD for MR base stations is feasible.  



Issue 2-3-2: Conclusion for co-site Inter-sector interference for FR1 WA MR BS
· Text proposal from Nokia: 
	9.3.2.3 Conclusion
The feasibility study on co-channel inter-sub-band co-site inter-sector interference in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1 detail companies’ views on the feasibility of SBFD for MR BS in FR1. 1 source [Ericsson] provided results in the summary table. The results show that the total interference would be between -94 dBm and -74 dBm, which is above the noise floor. The desensitization due to inter-sector interference only would be between 4 to 22 dB, depending on the beam direction.
Based on the study on co-channel inter-subband co-site inter-sector in Section 9.3.2.2 and the summary table provided in Section 9.3.2.1, SBFD for the MR BS in FR1 is not feasible when co-channel co-site sectors are considered.


Issue 2-3-3: Summary for FR1 MA MR BS
· Text proposal from Ericsson: 
	9.3.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
The analysis from the contributing companies suggests that self-interference is feasible for a medium range FR1 BS, assuming a TX-RX array separation, interference cancellation and some improvements in the receiver performance, and/or possibly an output power that is lower than the maximum allowed for FR1 medium range BS.
Regarding inter-sector interference suppression, there is a lack of consensus between contributing companies. The differences arise from the following factors:
· Some companies claim that it is feasible to engineer sites with greater distance and with isolating materials between sectors, whereas other companies claim that it is not feasible in practice.
· Analogue filtering within the RX chain. Some companies claim that insertion of analogue sub-band filters within the RX chain is achievable, whereas other companies claim it is not achievable.



Sub-topic 2-4: Remaining issues for FR1 LA BS 
Issue 2-4-1: Conclusion for Self-Interference for FR1 LA BS
· Text proposal from CATT: 
	9.4.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
Based on the feasibility study on self-interference in Section 9.4.1.2 and the summary table provided in Section 9.4.1.1, it can be concluded that with the proper implementation of component techniques including spatial isolation, frequency isolation, beam nulling, digital IC or a combination of these, the SBFD residual self-interference for FR1 LA BS can be controlled to the level of 6dB below the noise floor, which results in 1dB sensitivity degradation. 



Issue 2-4-2: Summary for FR1 LA BS
· Text proposal from CATT: 
	[bookmark: _Toc144651955]9.4.3	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
For self-interference of FR1 LA BS, it can be concluded that the SBFD self-interference 1dB sensitivity degradation is achievable.  There is no problem for co-channel inter-sub-band inter-site interference scenario. 
In summary, from implementation point of view, it is feasible for FR1 LA SBFD BS.


· Text proposal from Ericsson: 
	9.4.3	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility.  
For LA FR1 BS, the analysis from contributing companies suggests that self-interference suppression is feasible assuming TX-RX antenna separation and some interference cancellation.



Sub-topic 2-5: Remaining issues for FR2 BS 
Issue 2-5-1: Conclusion for Self-Interference for FR2 BS
· Text proposal from Huawei: 
	10.5.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Based on the provided studies in clause 10.5.1.1, it can be concluded that it is feasible to meet the 1 dB desensitization target at least for FR2 BS with TX output power <= 30 dBm.



Issue 2-5-2: Conclusion for co-site Inter-sector interference for FR2 BS
· Text proposal from Huawei: 
	10.5.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement.
Based on the provided studies in clause 10.5.2.1, it can be concluded that with some enhanced measures to mitigate the interference between sectors it is feasible to meet the 1 dB desensitization target for FR2 BS with TX output power <= 30 dBm.



Issue 2-5-3: Summary for FR2 BS
· Text proposal from Ericsson: 
	[bookmark: _Toc134691824]9.5.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
Considering self-interference suppression, contributing companies’ analysis suggests that self-interference suppression may be feasible for output power levels up to around 33dBm. There is some difference in the analysis in the assumptions on receiver linearity and feasibility of filtering, but this does not change the overall conclusion.
Regarding inter-sector interference suppression, there is a lack of consensus between contributing companies. 



Sub-topic 2-6: Remaining issues for Overall Summary (Section 9.8) 
Issue 2-6-1: Conclusion for overall summary
· Text proposal from Ericsson: 
	[bookmark: _Toc134691835]9.8	Summary
For self-interference suppression, there is a lack of consensus for FR1 WA. Further details are given in the appropriate section. For FR1 MR and LA and FR2 up to 33dBm output power, SBFD self-interference suppression is seen as feasible as long as TX-RX isolation is achieved, interference cancellation is performed, and the performance of the receiver is improved.
For inter-sector interference suppression, there is a lack of consensus on feasibility for all FR1 and FR2 scenarios as described in the corresponding sections.



Topic #3: Impacts on BS RF requirements 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315107
	CATT
	Proposal 1: The following new RF requirements are needed for SBFD BS, the requirements can be derived from the co-existence simulation.
•	In-channel adjacent sub-band leakage power ratio 
•	In-channel adjacent sub-band selectivity
Proposal 2: In-channel adjacent subband blocking requirement may be needed. Both colocation and non-colocation scenario should be analyzed or simulated for the blocking signal level. 
Proposal 3: The existing additional spurious emissions requirements and co-location with other base stations requirements can be reused on SBFD slots.
Proposal 4: Transmitter transient period is not defined as a RF requirement, the capability can be provided to RAN1.
Observation 1: For transmitter intermodulation requirement, co-location coupling loss assumption can’t use 30 dB for SBFD capable gNB.
Proposal 5: The transmitter intermodulation co-location scenario should be revisited for SBFD deployment.
Observation 2: For receiver IMD requirement, it’s difficult to say the two interfering signal scenario can cover the single interfering signal scenario for both DUD and DU subband configuration.
Observation 3: For receiver IMD requirement, single interfering signal scenario may not be equal to IBB scenario.

	R4-2315609
	Ericsson
	In the previous sections we made the following observations: 
Observation 1	Requirements on inter-sub-band emissions and selectivity are needed to enable consideration of node placement and power when planning based on expected minimum performances.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Requirements and tests in general need to be applied and be tested in both SBFD slots and non-SBFD slots.
Proposal 2	Define the output power dynamic range requirement for SBFD as the ratio of the declared rated output power with all DL RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).
Proposal 3	Keep the inter-band co-location requirements the same as for non-SBFD, and keep them declared.
Proposal 4	The TX IM requirement should be applied in SBFD slots. However during these tests, the RX sub-band is not intended to achieve and throughput and may be deactivated during the test.
Proposal 5	RX dynamic range IoT level is discussed during the WI phase
Proposal 6	Define a requirement on TX sub-band emissions similar to the ACLR requirement.
Proposal 7	Define a requirement on RX sub-band selectivity based on the ACS requirement.

	R4-2316303
	Nokia, Nokia Shanghai Bell
	Observation 1: The SBFD Tx IMD performance might be able to be guaranteed by the legacy Tx intermodulation requirements.
Observation 2: Dynamic range requirements are applicable for SBFD symbols/slots. Existing requirements can be re-used.
Proposal 1:  Dynamic range should be tested during SBFD symbols/slots. Existing requirements can be re-used.
Observation 3: The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference
Observation 4: In channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements cannot be guaranteed implicitly by the OTA sensitivity requirement, since the methods used for self-interference cancellation, might not be available for cancelling interference from other sectors and gNBs, especially when considering a multi-vendor deployment.
Observation 5: Even though RAN4 has not agreed on a reference implementation for SBFD operation, minimum requirements can still be defined to ensure proper operation considering self-interference, inter-site and inter-gNB interference.
Proposal 2: RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots.
Proposal 3: RAN4 to define in-channel adjacent sub-band selectivity requirements.

	R4-2316387
	Huawei, HiSilicon
	In this contribution, we provide text proposal for the TR based on the approved WF.

	R4-2316529
	ZTE Corporation
	Proposal 1: to consider the guard periods at the beginning of SBFD UL symbols/slots;
Proposal 2: propose to consider the transition period between the normal slot and SBFD slot and between SBFD slots due to the various reconfiguration and exact value could be left further discussed during the WI phase. 
Proposal 3: for in-channel emission, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly.
Proposal 4: for in-channel emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly.
Proposal 5: for co-location and coexistence requirement, go with option 2 with declaration basis. 
Proposal 6a: the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary. 
Proposal 6b: if Tx requirement is considered for SBFD slots, then to add the Refsens degradation as one more performance metric in addition to transmitter OBUE/ACLR/spurious emission requirements.
Proposal 7: for receiver intermodulation requirement in the SBFD uplink symbols/slot, consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission with some performance degradation on SBFD receiver as shown in Figure 2.2.2-1.
Proposal 8a: for the co-site inter-sector, in-channel blocking, in-channel selectivity and in-channel sub-band leakage, this could be left up to the vendor declaration without defining any specific power or freq offset of the corresponding requirement.
Proposal 8b: for the inter-site scenario, propose to further discuss how to handle the BS CLI problem e.g. with RAN4 minimum RF requirement (usually worst assumptions) or with other coordination schemes defined in other WGs.

	R4-2316530
	ZTE Corporation, Samsung, CMCC
	This TP is to capture the impacts on BS RF requirement for SBFD-capable BS based on the agreement reached in the previous RAN4 meetings.

	R4-2316601
	Samsung
	General aspects for RF requirement impact
Proposal 1: For SBFD-capable BS, RF requirement shall only be studied (and specified in normative phase) based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS. 

Remaining issues for TX requirement impact for SBFD
Proposal 2: For output power dynamics requirement for SBFD-capable BS:
-	Total dynamic range: Total dynamic range requirement for non-SBFD symbols is enough to gurantee the required dynamic range requirement in SBFD slots/symbols for SBFD-capable BS. It is not necessary to define a new total dynamic range requirement for SBFD operation on the DL subband(s). 
Proposal 3: For transmit ON/OFF power, more specifically, the existing agreement for “transmit ON/OFF power requirement within SBFD time slot is not applicable” shall be interpreted as:
-	Transmitter OFF power: Not applicable to SBFD-capable BS in SBFD symbols.  
-	Transmitter transient period (between transmitter ON and OFF period): Not applicable the transition to and from SBFD symbols/slots for SBFD-capable BS. 
Proposal 4: For transmitter intermodulation:
-	The transmitter intermodulation requirement shall still be applicable during SBFD symbols:
	The interfering signal level depends on RAN4’s conclusion on how to define requirement for co-located/co-existence. 
-	The transmitter intermodulation level shall not exceed the unwanted emission limits in clauses 6.6.3, 6.6.4 and 6.6.5 in the presence of an NR interfering signal. 
	No need to consider receiver degradation for transmitter intermodulation requirement.  

Remaining issues for RX requirement impact for SBFD
Proposal 5: For conducted reference sensitivity level:
-	The existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e, no degradation allowed. 
-	Self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.  
-	UL subband bandwidth shall be used for BS channel bandwidth in the existing requirement. 
Proposal 6: For dynamic range:
-	Conducted dynamic range: The existing requirements shall also be applied to BS in SBFD symbols, and self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.
-	OTA dynamic range: The existing requirements shall also be applied to BS in SBFD symbols and the self-interference impact can be ignored.
Proposal 7: For ACS and in-band blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband. 

Potentially new requirements for SBFD operation
Observation 1: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subband leakage ratio, (2) in-channel adjacent subband blocking and (3) in-channel adjacent subband selectivity. 
Observation 2: With OTA sensitivity requirements if introduced for SBFD-capable gNB with the simultaneous TX in the SBFD time slot, in-channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements can be guaranteed implicitly.
Proposal 8: For SBFD-capable gNB, RAN4 shall not introduce new in-channel adjacent subband requirements, including:
-	in-channel adjacent subband leakage ratio,
-	in-channel adjacent subband blocking and 
-	in-channel adjacent subband selectivity.

	R4-2315199
(Wrong agenda submitted)
	CMCC
	Proposal 1: it’s suggested that at least for conducted requirement, Tx IMD requirement is applicable with the condition that during the testing SBFD U sub-band are not receiving when testing Tx IMD. 
Observation 1: legacy 30dB MCL assumption between co-located gNB will lead to blocking of SBFD receiver.
Proposal 2: before defining co-location requirements, it’s suggested to discuss the MCL assumption for co-location with following two kind of assumption. If there is no conclusion, we can leave this issue for WI phase. 
· Re-evaluate whether 30dB MCL assumption is still typical assumption or not since large scale antenna element is used which will contribute to directional beam compared with 2G area. This MCL is the MCL that doesn’t consider any deployment restriction or isolation material.
· Define one typical MCL value assuming careful deployment plan and possible isolation material. This MCL value is used to show whether under careful planning, the co-location operation is feasible or not and give more guidance for commercial deployment.
Proposal 3: In work phase, more simulation/analysis of 0% grid shift with reasonable co-location MCL assumption is required before define adjacent channel co-location requirements, e.g. ACLR, ACS and blocking requirements.
Proposal 4: new RF requirements should be specified for co-site inter-sector gNB and inter-site gNB, following list the candidate options, partial or all of which can be defined in WI stage.
· In-channel blocking requirements
· adjacent sub-band leakage requirements 
· adjacent sub-band selectivity requirements
Proposal 5: it’s suggested to consider an additional requirement based on a single input signal placed to cause IM with the RX sub-band.



Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[Moderator] In last meeting, For RF requirement impact from BS aspects, further agreement and way forwards are captured in R4-2309790, with detailed provided as below: 
	Issue 3-1-1: Conducted/OTA sensitivity within SBFD time slot  
Agreement:
· New OTA sensitivity requirements in SBFD time slot with self-interference only can be specified 
· Candidate value [0.5 ~1.0] dB degradation 
· Final value will be specified in WI phase. 
· FFS how to address the digital IC impact on requirement definitions for the case with separate RRU and BBU in gNB
· FFS whether the conductive sensitivity requirements needed or not 
· FFS whether new RF requirements can be specified for co-site inter-sector and/or inter-site interference with below candidate options:
· In-channel blocking requirements
· In-channel adjacent sub-band leakage requirements 
· In-channel adjacent sub-band selectivity requirements
· Other options not precluded 
· Encourage companies to further analyze the methodology of requirements introduction.  

Issue 3-1-4: Transition ON-OFF power and transition period
Agreement:
· RAN4 focus on the on/off time mask and transient period impact for SBFD operation; Furtehr study whether transient period is needed or not for following conditions:
· [The switch between normal slot and SBFD slots]
· SBFD reconfiguration with antenna array and/or sub-band filtering reconfigured
· Other candidate conditions not precluded 

Issue 3-1-5: Tx intermodulation requirement 
Agreement: 
· Existing IMD requirements still applicable for normal DL slots on SBFD capable gNBs
· FFS whether Tx IMD requirements still applicable during SBFD time slots 

Issue 3-1-6: Co-location and co-existence 
Agreement:
· FFS the co-location and co-existence requirements applicable on SBFD capable gNB
· Further study with new requirements not precluded.  

Issue 3-1-7: Dynamic range
Agreement: 
· FFS whether new requirements needed or not

Agreement:
· [bookmark: _Hlk135842508]BS station output power for conducted and OTA TX requirement
· It is allowed the different conducted declaration for normal DL symbols/slots and SBFD DL symbols/slots.
· It is allowed to have different EIRP/TRP declaration (for level and direction) for normal DL symbols/slots and SBFD DL symbols/slots. 
· Accuracy requirement for TRP/EIRP and conducted power shall be the same for normal DL symbols/slots and SBFD DL symbols/slots.

Agreement:
· Output power dynamics for conducted and OTA TX requirement
· To reuse the existing RE power control dynamic range requirement for SBFD BS;
· FFS the necessity and how to define the total dynamic range requirement for SBFD based on the DL transmission bandwidth configuration for SBFD DL symbols/slots.

Agreement:
· OBW for conducted and OTA TX requirement
· FFS how to apply the existing OBW requirement for DL sub-band or the whole DL BW of SBFD BS

Agreement:
· ACLR for conducted and OTA TX requirement
· TX ACLR requirement shall be defined outside of the whole carrier instead of sub-band carrier for SBFD DL symbols/slots. 
· The ACLR is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 

Way Forward:
· FFS TX OBUE requirement is defined for outside of the whole carrier instead of sub-band carrier; 
· FFS inter-subband emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference as shown in Figure 2.1.4-1 implicitly.

Way Forward:
· FFS other BS requirement impact from SBFD operation, including:
· Transmitted signal quality
· Transmitter spurious emission
· Out-of-band blocking
· Receiver spurious emissions
· Receiver intermodulation



Sub-topic 3-1: General aspects for BS RF requirement impact
Sub-topic description:
Issue 3-1-1: Existing requirement/test in both SBFD and non-SBFD slots/symbols  
· [Moderator] Although some of existing requirements are proposed to be the same in SBFD and non-SBFD slots/symbols, Ericsson observed that it cannot be assumed that the transmitter/receiver behaviour is the same between the SBFD and non-SBFD slots, which leads to P1 below.
· Proposals/Observations: 
· Proposal 1 (Ericsson): Requirements and tests in general need to be applied and be tested in both SBFD slots and non-SBFD slots.

Issue 3-1-2: RF requirement based on semi-static or dynamic configuration  
· [Moderator] The requirement/test condition is discussed for semi-static or dynamic configuration.  
· Proposals/Observations: 
· Proposal 1 (Samsung): For SBFD-capable BS, RF requirement shall only be studied (and specified in normative phase) based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS.

Issue 3-1-3: Guard period at the beginning of SBFD symbols/slots
· Proposals/Observations: 
· Proposal 1 (ZTE): to consider the guard periods at the beginning of SBFD UL symbols/slots.
[image: ]


Sub-topic 3-2: BS TX Requirement Impact for SBFD
Sub-topic description:
Issue 3-2-1: ACLR
[Moderator] Existing agreements on ACLR: 
	· Agreement from Ad-Hoc session:
· ACLR for conducted and OTA TX requirement
· TX ACLR requirement shall be defined outside of the whole carrier instead of sub-band carrier for SBFD DL symbols/slots. 
· The ACLR is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 



· Proposals/Observations: 
· Proposal 1 (ZTE): for in-channel emission, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly:
[image: ]
Example of ACLR requirement of SBFD slots

Moderator: CATT asked ZTE to further clarify and confirm the above proposal is for ACLR. 

Issue 3-2-2: Output power dynamics
· Proposals/Observations: 
· Proposal 1 (Samsung): Requirement applicability for output power dynamics requirement for SBFD-capable BS:
· Total dynamic range: Total dynamic range requirement for non-SBFD symbols is enough to gurantee the required dynamic range requirement in SBFD slots/symbols for SBFD-capable BS. It is not necessary to define a new total dynamic range requirement for SBFD operation on the DL subband(s).
· Proposal 2 (Ericsson): New requirement is defined for SBFD: 
· Define the output power dynamic range requirement for SBFD as the ratio of the declared rated output power with all DL RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).

Issue 3-2-3: Transmit ON/OFF power
· Proposals/Observations: 
· Proposal 1 (Samsung): For transmit ON/OFF power, more specifically, the existing agreement for “transmit ON/OFF power requirement within SBFD time slot is not applicable” shall be interpreted as:
· Transmitter OFF power: Not applicable to SBFD-capable BS in SBFD symbols.  
· Transmitter transient period (between transmitter ON and OFF period): Not applicable the transition to and from SBFD symbols/slots for SBFD-capable BS. 

Issue 3-2-4: Unwanted emissions
[Moderator] In last meeting, the following agreements are achieved for unwanted emission. 
	Issue 3-2-5: Unwanted emissions
Agreement:
· OBW: For occupied bandwidth requirement: Apply the existing OBW requirement for the whole BS channel bandwidth in SBFD symbols/slots. 
· OBUE: The RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD symbols/slots).
· Transmitter spurious emission: All the existing requirements shall also be applied to SBFD-capable BS in SBFD symbols, 
· Note: The requirement of protection of the BS receiver of own or different BS is not applicable for TDD operation. 
· Co-location/co-existence: 
· Option 1: Co-location requirement can’t use 30 dB coupling loss as the coupling loss assumption for SBFD capable gNB co-location related requirement.
· Option 2: No update on existing requirements, it’s declaration basis whether BS need to follow the requirements. FFS whether applicable for SBFD symbols/slots. 



· Proposals for additional spurious emissions: 
· Proposal 1 (CATT): The existing additional spurious emissions requirements can be reused on SBFD slots. 
· Proposals for in-channel emission/OBUE: 
· Proposal 2 (ZTE): for in-channel emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly.

Issue 3-2-5: Co-location
· Proposals for inter-band co-location: 
· Proposal 1 (CATT/Ericsson/ZTE): Keep the inter-band co-location requirements the same as for non-SBFD, and keep them declared (i.e., option 2).
· Proposal 2 (CMCC) before defining co-location requirements, it’s suggested to discuss the MCL assumption for co-location with following two kind of assumption. If there is no conclusion, we can leave this issue for WI phase. 
· Re-evaluate whether 30dB MCL assumption is still typical assumption or not since large scale antenna element is used which will contribute to directional beam compared with 2G area. This MCL is the MCL that doesn’t consider any deployment restriction or isolation material.
· Define one typical MCL value assuming careful deployment plan and possible isolation material. This MCL value is used to show whether under careful planning, the co-location operation is feasible or not and give more guidance for commercial deployment.
· Proposals for intra-band adjacent carrier co-location: 
· Proposal 3 (CMCC): In work phase, more simulation/analysis of 0% grid shift with reasonable co-location MCL assumption is required before define adjacent channel co-location requirements, e.g. ACLR, ACS and blocking requirements.

Issue 3-2-6: Transmitter intermodulation
[Moderator] In RAN4#108, it is agreed to “FFS whether Tx IMD requirements applicable for SBFD slots/symbols”
· Proposals/Observations on IMD requirement necessity on SBFD slots/symbols: 
· Proposal 1 (Samsung/Ericsson/Nokia): The transmitter intermodulation requirement shall still be applicable during SBFD symbols. 
· Proposal 2 (ZTE): the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary.
· Proposals/Observations on co-location scenario: 
· Proposal 3 (CATT/Samsung): The transmitter intermodulation co-location scenario should be revisited for SBFD deployment.
· Proposal on RX degradation: 
· Proposal 4 (Samsung): No need to consider receiver degradation for transmitter intermodulation requirement.  
· Proposal 5 (Ericsson/CMCC): During these tests, the RX sub-band is not intended to achieve and throughput and may be deactivated during the test.
· Proposal 6 (ZTE): if Tx requirement is considered for SBFD slots, then to add the Refsens degradation as one more performance metric in addition to transmitter OBUE/ACLR/spurious emission requirements.

Sub-topic 3-3: BS RX Requirement Impact for SBFD
Sub-topic description:
Issue 3-3-1: Reference sensitivity level and OTA sensitivity
· Proposals/Observations: 
· Proposal 1 (Samsung): For conducted reference sensitivity level:
· The existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e, no degradation allowed. 
· Self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.  
· UL subband bandwidth shall be used for BS channel bandwidth in the existing requirement. 

Issue 3-3-2: Dynamic range
· Proposals/Observations on conducted dynamic range necessity: 
· Proposal 1 (Samsung/Nokia/Ericsson): The existing requirements shall also be applied to BS in SBFD symbols. 
· Proposals/Observations on interference presence in conducted test: 
· Proposal 2 (Samsung): Not present. Self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.
· Proposal 3 (Ericsson): RX dynamic range IoT level is discussed during the WI phase
· Proposals/Observations on interference presence in OTA test: 
· Proposal 4 (Samsung): The self-interference impact can be ignored.
· Proposal 5 (Ericsson): RX dynamic range IoT level is discussed during the WI phase

Issue 3-3-3: In-band selectivity and blocking
· Proposals/Observations: 
· Proposal 1 (Samsung): For ACS and in-band blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband. 

Issue 3-3-4: Receiver intermodulation
· Proposals/Observations: 
· Observation 1 (CATT): For receiver IMD requirement, it’s difficult to say the two interfering signal scenario can cover the single interfering signal scenario for both DUD and DU subband configuration.
· Observation 2 (CATT): For receiver IMD requirement, single interfering signal scenario may not be equal to IBB scenario.
· Proposal 1 (ZTE/CMCC): For receiver intermodulation requirement in the SBFD uplink symbols/slot, consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission with some performance degradation on SBFD receiver as shown in Figure 2.2.2-1.
[image: ]Figure 2.2.2-1: Example of Rx intermodulation requirement for SBFD BS

Sub-topic 3-4: Potentially new requirements for SBFD operation
Sub-topic description:
Issue 3-4-1: Transmitter transient period between SBFD and non-SBFD
· Proposals/Observations: 
· Proposal 1 (CATT): Transmitter transient period is not defined as a RF requirement, the capability can be provided to RAN1.
· Proposal 2 (ZTE): propose to consider the transition period between the normal slot and SBFD slot and between SBFD slots due to the various reconfiguration and exact value could be left further discussed during the WI phase.

Issue 3-4-2: In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity
· Proposals/Observations for In-channel adjacent subband leakage ratio and adjacent subband selectivity: 
· Proposal 1 (Samsung): Don’t introduce such new requirement.
· Proposal 2 (Nokia/Ericsson/CATT/CMCC): RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering inter-sector interference and inter-site interference. 
· Proposal 2a (CATT): Such new requirements can be derived from the co-existence simulation.
· Proposal 3 (ZTE): 
· For the co-site inter-sector, this could be left up to the vendor declaration without defining any specific power or freq offset of the corresponding requirement.
· For the inter-site scenario, propose to further discuss how to handle the BS CLI problem e.g. with RAN4 minimum RF requirement (usually worst assumptions) or with other coordination schemes defined in other WGs.

· Proposals/Observations for In-channel adjacent subband blocking: 
· Proposal 1 (Samsung): Don’t introduce such new requirement. 
· Proposal 2 (Nokia/CMCC): RAN4 to define in-channel adjacent sub-band selectivity requirements considering inter-sector interference and inter-site interference.
· Proposal 3 (CATT): Maybe needed. Both colocation and non-colocation scenario should be analyzed or simulated for the blocking signal level.
· Proposal 4 (ZTE): 
· For the co-site inter-sector, this could be left up to the vendor declaration without defining any specific power or freq offset of the corresponding requirement.
· For the inter-site scenario, propose to further discuss how to handle the BS CLI problem e.g. with RAN4 minimum RF requirement (usually worst assumptions) or with other coordination schemes defined in other WGs.

Topic #4: Regulatory survey 
[bookmark: _Hlk146918229]Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315144
	Korea Testing Laboratory, KT, LGE, LG UPlus
	TP to TR 38.858: SBFD operation – Regulatory aspects on Korea

	R4-2315775
	Ericsson
	Proposal: Approve the TP to TR 38.858 proposed in Annex, related to the summary sub-section 13.4.

	R4-2316388
	Huawei, HiSilicon
	Comment to the summary of regulatory aspects

	R4-2316604
	Samsung
	Proposal 1: The following proposed revision is discussed and adopted for the summary part.

	R4-2316718
	CableLabs
	Proposal 1: It is proposed to approve the below-mentioned TP towards Chapter 13 of TR 38.858.

	R4-2315187
(Wrong agenda submitted)
	CMCC
	TP for TR 38.858 to add regulatory requirements



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[Moderator] As one of the objectives in WID as below, RAN4 is tasked to summarize the regulatory aspects for deploying the duplex enhancement in TDD unpaired spectrum: 
	The detailed objectives are as follows:
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


As agreed in the work plan (in approved WF [R4-2305919]), the following objectives for RAN4#108-bis and 109: 
	3.1.1 Issue 1-1: timelines
· WF:
· Companies are encouraged to submit contributions before (including) RAN4 #108 (August 2023). 
· Regarding subclauses 13.1 to 13.3 on regional regulatory aspects, RAN4 #107 will try to achieve a tentative agreement. RAN4 #108, #108-bis and #109 will work on consolidating the TP.
· Regarding subclause 13.4 about the summary, this WF only captures submitted TPs. Companies are encouraged to reconsider the summary TP in RAN4 #108 after subclauses 13.1 to 13.3 are tentatively agreed. RAN4 #108-bis and #109 will work on consolidating the summary TP.
· The regulatory aspects draft will be finalized at the end of RAN4 #109 (Nov. 2023).



In RAN4#108, WF is approved with agreements on individual country/region has been achieved while left tentative agreement for the summary part [R4-2313868].
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 4-1-1: Text Proposal for Korea
· Proposal/Observation: 
· Proposal 1 (KTL): TP for Korea. 
	13.3.6	Korea
In Korea, there is no frame structure that is mandated. In case of confusion or interference, the principle is that the operators confer among themselves to solve the problems and must implement an interference protection and avoidance plan in the “Frequency Use Plan”.
According to “Ministry of Science and ICT Announcement No. 2018-235“, Frequency allocation notice for mobile communications (3.5GHz), it was an official requirement in Korea that operators have to present a “Frequency Use Plan”, in which the solution or network construction plan to avoid interference must be officially listed [xx].
Based on Article 11 of Enforcement Decree Of The Radio Waves Act in Korea, "Matters related to frequency use and technology methods", it has adopted a new regulatory requirement whenever a new spectrum is introduced regardless of whether the licensed band or the unlicensed band, where multiplexing technology, modulation technology, frequency band, occupied bandwidth, etc. had been clearly described. MSIT in Korea could review the SBFD as a new multiplexing technology, in which may introduce a new regulatory requirement [yy].



· Moderator Recommendation: 
· TP is reviewed for endorsement. 

Open issues and candidate options before e-meeting:
Issue 4-1-2: Revision to the summary of regulatory aspects
· [Background] The tentative agreement for the regulatory part summary is listed in WF [R4-2313868]. 
· Proposal/Observation on the summary part: 
· CableLab (R4-2316718): 
	[bookmark: _Hlk134530560]13.4	Summary
At present, many bands are issued by regulators with clearly defined duplex modes, i.e., FDD or TDD, and probably SDL or SUL. The evolution of NR duplex operation, as a new technology, may require regulations to reconsider the spectrum allocation and/or update the ruling. It is uncertain if an SBFD network is allowed to deploy in TDD bands under current rules.
Regulators try to harmonize spectrum usage and pay attention to new technology that might create interference with incumbent services operating in or adjacent to the considered spectrum. The SBFD is a new technology and is still under development. 
At least for regions studied so far, there is no regulation rule directly related to SBFD operation. The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation, which has been assumed in many regions for coexistence. As a result, rules related to TDD synchronization and interference to incumbent services may be impacted.
When allocating spectrum to IMT TDD operation, many regulators made coexistence studies with incumbent services assuming a certain TDD configuration. Based on the conclusions of those studies, regulators have then specified the corresponding specific parameters to enable such deployment. In 3GPP specifications, it assumes the TDD base stations deployed in the same geographical area and usinge the same or adjacent operating band, are synchronized. Unsynchronized operations have not been considered and so, no specific RF requirements are defined for the unsynchronized operationsNo additional co-existence requirements are covered for unsynchronized operation.
Some regulators and regional organizations (e.g., CEPT ECC in Europe) have recommended specific TDD frame structure usage to facilitate coordination, addressing then cross-border issues between countries. In most studied regions, to avoid cross-link interference situations, regulatory conditions at the national/regional level define the common TDD frame structures for multiple operators’ operations in or adjacent to the considered spectrum, the same band or administrations ask MNOs to agree on a common frame structure for Macro cellular deployments. 
To enable unsynchronized TDD deployments without creating interference in the adjacent network(s) deployed in the same geographic areas, some regulators have specified more stringent parameters (e.g., CEPT specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non-AAS BS or -43dBm/MHz TRP for AAS BS), increasing BS design’s complexity significantly. 
SBFD operation would allow simultaneous transmission and reception in different sub-bands within the same carrier. New regulatory requirements may be needed to allow SBFD operation for multiple operators’ deployment.
Nevertheless, when deployed in environments that guarantee and prevent any interference in the adjacent spectrum (like e.g., isolated indoor deployment), neithero specific condition nor recommendation has been specified by the Regulators, allowing any TDD deployment in such environments as long as no interference disturbs adjacent services. For example, in a single operator’s TDD network, there may be no limitation on the frame structure and it is up to the operator’s choice. It is already possible today to use different TDD frame structures for isolated deployment, e.g., isolated indoor factory, as long as the obligation to avoid interference is guaranteed. For such types of deployments, existing regulation rules should not be impacted when operating SBFD.


· Samsung (R4-2316604): 
	13.4	Summary
At present, many bands to IMT are issued by regulators with clearly defined duplex modes, i.e., FDD or TDD, and probably SDL or SUL. The evolution of NR duplex operation, as a new technology, may require regulations regulators to reconsider the spectrum allocation and/or update the ruling. It is uncertain if an SBFD network is allowed to deploy in TDD bands under current rules.
Regulators try to harmonize spectrum usage and pay attention to new technology that might create interference with incumbent services operating in or adjacent to the considered spectrum. The SBFD is a new technology and is still under development.[Samsung: The first sentence can be merged with the 4th paragraph. The 2nd sentence is not necessarily needed.]
At least for regions studied so far, there is no regulation rule directly related to SBFD operation. The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation, which has been assumed in many regions for coexistence. As a result, rules related to TDD synchronization and interference to incumbent services may be impacted.
Regulators try to harmonize spectrum usage and pay attention to the use of new technologies that might create interference to incumbent services operating in or adjacent to the considered spectrum. When allocating spectrum to IMT TDD operation, many regulators made coexistence studies with incumbent services assuming a certain TDD configuration. Based on the conclusions of those studies, regulators have then specified the corresponding specific parameters to enable such deployment. In 3GPP specifications, it assumes the TDD base stations deployed in the same geographical area and use the same or adjacent operating band, are synchronized. No additional co-existence requirements are covered for unsynchronized operation. Some regulators (e.g., ECC in Europe) have recommended specific TDD frame structure usage to facilitate coordination, addressing then cross-border issues between countries/regions. In most studied regions, to avoid cross-link interference situations, regulatory conditions at the national/regional level define the common TDD frame structures for multiple operators’ operations in the same band or administrations ask MNOs to agree on a common frame structure for Macro cellular deployments. Some regulators (e.g., MIIT in China) specify interference mitigation scheme such as guard band and minimum spatial isolation requirement. [Samsung: Original two paragraphs are combined to one since both are discussing the status for TDD synchronization operation. The two sentences “In 3GPP specifications, ….” are deleted because this summary is for regulatory aspects. The last sentence is moved to next paragraph because it should be regarded as one of unsync operation to TDD operation.]
To enable unsynchronized TDD deployments without creating interference in the adjacent network(s), some regulators have specified more stringent parameters (e.g., CEPT specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non-AAS BS or -43dBm/MHz TRP for AAS BS), increasing which could increase BS design’s complexity significantly. For adjacent TDD operation band and FDD operation band, some regulators (e.g., MIIT in China) specify interference mitigation scheme such as guard band and minimum spatial isolation requirement. SBFD operation would allow simultaneous transmission and reception in different sub-bands within the same carrier. New regulatory requirements may be needed to allow SBFD operation for multiple operators’ deployment. [Samsung: The revision on the CEPT sentence to make sure the summary is aligned with agreement for Europe region. The last two sentences are moved to the end of the summary.]
Nevertheless, when deployed in environments that guarantee and prevent any interference in the adjacent spectrum (like isolated indoor deployment), no specific condition nor recommendation has been specified by the regulators, allowing any TDD deployment in such environments as long as no interference disturbs adjacent services. For example, in a single operator’s TDD network, there may be no limitation on the frame structure and it is up to the operator’s choice. It is already possible today to use different TDD frame structures for isolated deployment, e.g., isolated indoor factory, as long as the obligation to avoid interference is guaranteed. For such types of deployments, existing regulation rules should not be impacted when operating SBFD.
SBFD operation would allow simultaneous transmission and reception in different sub-bands within the same carrier. New regulatory requirements or changes to current regulations may be needed to allow SBFD operation for multiple operators’ deployment. Therefore, suggestions to relevant administrative authorities are needed based on the results of co-existence studies between SBFD and legacy TDD system, as well as the consequent performance results defined for the operation of SBFD. [Samsung: Revision by adding “or changes to current regulations” and last sentence is added for the expected suggestions to relevant administrative authorities.]


· Huawei (R4-2316388): 
	At present, many bands are issued by regulators with clearly defined duplex modes, i.e., FDD or TDD, and probably SDL or SUL. The evolution of NR duplex operation, as a new technology, may require regulations to reconsider the spectrum allocation regulatory requirements and/or update the ruling. It is uncertain if an SBFD network is allowed to deploy in TDD bands under current rules.
 [Huawei] (1) It is very low possibility to reconsider the spectrum allocation while some additional regulatory requirements for new feature may be possible. (2) We are studying on it so it is better to remove the sentence, and the need of new rule is already captured in the preceding and following sentences.
Regulators try to harmonize spectrum usage and pay attention to new technology that might create interference with incumbent services operating in or adjacent to the considered spectrum. The SBFD is a new technology and is still under development.
At least for regions studied so far, there is no regulation rule directly related to SBFD operation. The evolution of NR duplex operation would bring changes to the frame structures of legacy TDD operation, which has been assumed in many regions for coexistence. As a result, rules related to TDD synchronization and interference to incumbent services may be impacted.
When allocating spectrum to IMT TDD operation, many regulators made coexistence studies with incumbent services assuming a certain TDD configuration. Based on the conclusions of those studies, regulators have then specified the corresponding specific parameters to enable such deployment. In 3GPP specifications, it assumes the TDD base stations deployed in the same geographical area and use the same or adjacent operating band, are synchronized. No additional co-existence requirements are covered for unsynchronized operation.
Some regulators (e.g., ECC in Europe) have recommended specific TDD frame structure usage to facilitate coordination, addressing then cross-border issues between countries/regions. In most studied regions, to avoid cross-link interference situations, regulatory conditions at the national/regional level define the common TDD frame structures for multiple operators’ operations in the same band or administrations ask MNOs to agree on a common frame structure for Macro cellular deployments. 
For adjacent TDD operation band and FDD operation band Ssome regulators (e.g., MIIT in China) specify interference mitigation scheme such as guard band and minimum spatial isolation requirement.
 [Huawei] The above paragraph is talking about synchronized TDD case. It is proposed to put it in a separate paragraph.
To enable unsynchronized TDD deployments without creating interference in the adjacent network(s), some regulators have specified more stringent parameters (e.g., CEPT specified below and above the block edge a restricted baseline of -34dBm/5 MHz EIRP for non-AAS BS or -43dBm/MHz TRP for AAS BS), increasing BS design’s complexity significantly.
SBFD operation would allow simultaneous transmission and reception in different sub-bands within the same carrier. New regulatory requirements may be needed to allow SBFD operation for multiple operators’ deployment.
Nevertheless, when deployed in environments that guarantee and prevent any interference in the adjacent spectrum (like isolated indoor deployment), no specific condition nor recommendation has been specified by the regulators, allowing any TDD deployment in such environments as long as no interference disturbs adjacent services. For example, in a single operator’s TDD network, there may be no limitation on the frame structure and it is up to the operator’s choice. It is already possible today to use different TDD frame structures for isolated deployment, e.g., isolated indoor factory, as long as the obligation to avoid interference is guaranteed. For such types of deployments, existing regulation rules should not be impacted when operating SBFD.


· Moderator Recommendation: 
· Merge the proposed changes to one TP for endorsement. 

Issue 4-1-3: Revision on references for Europe part
· TP for reference for EU part: 
· Ericsson (R4-2315775): Adding the following references for EU:
	[E1]	ECC Report 281, Analysis of the suitability of the regulatory technical conditions for 5G MFCN 	operation in the 3400-3800 MHz band, Approved 6 July 2018, https://docdb.cept.org/download/3419
[E2]	ECC Recommendation(20)03, Frame structures to facilitate cross-border coordination of TDD MFCN in  	the frequency band 3400-3800 MHz, Approved 23 October 2020, 	https://docdb.cept.org/download/1738
[E3]	ECC Decision(11)06, Harmonised frequency arrangements and least restrictive technical conditions 	(LRTC) for mobile/fixed communications networks (MFCN) operating in the band 3400-3800 MHz, 	Amended 26 October 2018, https://docdb.cept.org/download/1531



· Moderator Recommendation: 
· Adopt the references for EU part. 

Issue 4-1-4: Big TP to capture the agreement
· Big TP to capture the existing agreements is provided in R4-2315187. 
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