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Introduction
In this paper, we further discuss the remaining issues for evaluation of adjacent-channel co-ex between SBFD and TDD DL. 
Also, in this paper, we proposed draft text proposal for the skeleton of section 11 Adjacent channel co-existence evaluation 
Indoor and other scenarios
From the conclusion of TR 38.828, the study of CLI TR 38.828 have following recommendations.
	· [bookmark: _Toc21021365]6.3	Recommendations
· [bookmark: _Toc21021366]6.3.1	FR1
· [bookmark: _Toc21021367]6.3.1.1	Macro-to-Macro scenario
-	Performance degradation was observed from the BS-to-BS interference for macro-macro scenario, which suggests that dynamic TDD should not be operated in such scenarios.
· [bookmark: _Toc21021368]6.3.1.2	Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa if there is sufficient isolation between them. No significant impact from operating dynamic TDD for the indoor scenario was observed as long as the BS and UE powers are similar and the operators co-ordinate so that basestation positions are offset. If higher BS power is assumed, some throughput degradation in the indoor scenario was observed due to BS to BS interference. The observations imply that dynamic TDD can be used in indoors as long as care is taken.
· [bookmark: _Toc21021369]6.3.2	FR2
· [bookmark: _Toc21021370]6.3.2.1	Macro-to-Macro scenario
-	Some performance degradation was observed from the BS-to-BS interference for macro-macro scenario. The differences in the simulation results imply that operating dynamic TDD in this scenario without impact to neighbor network may be deployment dependent and requires at least careful planning and collaboration between operators to avoid performance impact.
· [bookmark: _Toc21021371]6.3.2.2	Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network if there is sufficient isolation between them. Results suggested that to avoid degradation, careful layout and parameterization are necessary for indoor to indoor scenario. Overall, the observations imply that dynamic TDD can be used indoors as long as care is taken.
· [bookmark: _Toc21021372]6.3.2.3	Micro-to-Micro scenario
-	For micro to micro, the differences in the simulation results imply that to avoid BS to BS interference, operators may need to consider the proximity of micro BS in the same area. Overall, the observations imply that dynamic TDD can be used in certain micro deployments as long as care is taken.




Observation 1: The CLI TR 38.828 concluded in all scenarios studied of FR1 and FR2, including Uma, Indoor, Micro, the problematic cross-link interference is gNB-gNB interference. The CLI TR also 38.828 concluded in both FR1 and FR2 that no performance degradation were observed for Indoor-to-Indoor scenario, and dynamic TDD can be used for Micro-to-Micro scenario.
Observation 2: The urban macro was agreed as high priority and had accomplished the assumptions and calibration discussions, which reflects it was the most concerned scenario in RAN4 adjacent channel co-ex discussion.
Proposal 1: We propose RAN4 to discuss whether Uma-Uma results can be considered as ‘worst-case’ scenario for SBFD co-ex with legacy TDD DL in adjacent channel, considering:
· the TR 38.828 concluded the BS-to-BS interference is the most problematic CLI and Uma-Uma suffers most CLI, and 
· the Urban macro is listed as high priority and had completed calibration, 

Observation 3: In [6], the UMi gNB was assumed with tx power as 46 dBm/100MHz, which according to section 6.2 of TS 38.104, this gNB should be categorized into the wide area BS. 
Proposal 2: RAN4 to discuss whether the UMi BS assumed in [6] is WA BS or MR BS, and this would impact the assumptions like NF.

Observation on NF model and blocking
In this section, we followed the chairman notes in [5] and the NF model in [4], and also we use the proposed self-interference and co-site inter-sector interference before LNA in [3]. 
Following the recommended WF in [1], “Companies are encouraged to provide the blocking probability i.e. the probability when total input power(wanted plus unwanted signal) is larger than -25dBm at gNB side for WA according to NF modelling”, we provided following observations.
Observation 4: The gNB blocking probability with its corresponding aggressor is shown in table below:
	Victim gNB
	Aggressor
	Blocking probability

	FR1 Uma legacy gNB
	FR1 SBFD gNB
	0.04%

	FR1 SBFD gNB
	FR1 Uma legacy gNB
	0.04%

	FR2 Uma legacy gNB
	FR2 SBFD gNB
	No blocking observed

	FR2 SBFD gNB
	FR2 Uma legacy gNB
	No blocking observed


[image: ]
Observation 5: The impact of noise figure degradation and blocking probability had been covered by co-ex study by using the agreed noise figure model.
Observation 6: It was agreed that different company would provide their own implementation with different isolation capacities. So that the total input power at the input of LNA differs from company to company due to different assumptions of implementations in feasibility study.

Evaluation methods on co-ex study
If we only consider using TDD DL slot for SBFD operation, the current co-ex study results would leads to following combinations of aggressors and victims. 

	Victim
	Aggressor
	Results lead-to

	UE in legacy TDD DL
	SBFD gNB
	SBFD gNB ACLR

	
	UE in SBFD UL
	

	SBFD gNB
	Legacy gNB
	SBFD gNB ACS

	UE in SBFD DL
	
	N/A



Proposal 3: For SBFD -> legacy TDD DL case, the co-ex study results would be used to discuss whether or not SBFD gNB ACLR needs improvement.
Proposal 4: For legacy TDD DL -> SBFD UL case, the co-ex study results would be used to discuss whether or not SBFD gNB ACS needs improvement. 

Observation 7: For the case of TDD DL -> SBFD DL, which is assumed as legacy UE in co-ex study, both aggressor and victim are legacy stations. It means no RF impact could be concluded to this case. And also, RAN4 had not decided how to evaluate this case.
Observation 8: The assumptions we used in co-ex study, including all the proposed options for gNB power, UE power, grid shifts and all others, are supposed to be used in normal operation between two adjacent channel legacy TDD DL.
Observation 9: The “relative ACIR”, which is derived by ACLR and ACS of legacy gNB and UE, provides an acceptable performance degradation basis between two legacy DL for all different options in assumptions.

Based on above observations, the performance degradation for an UE in TDD DL operation suffering from legacy TDD DL in adjacent channel can be used as an evaluation basis for the performance degradation for an UE in SBFD DL operation suffering from legacy TDD DL.

Proposal 5: For TDD DL -> SBFD DL case, the performance degradation (including SINR in dB and/or throughput in percentage) can be evaluated by comparing it to the same form (SINR or throughput) of performance degradation between TDD DL -> TDD DL.

Co-ex study results collection template
In last meeting, there’s a template provided in [1] as an example, and it is requested to be determined in this meeting.
Proposal 6: RAN4 to agree on a template in this meeting, and following table is a candidate option from our side.
	Deployment scenario number

	Company
	Case number
	Observation point
	Performance degradation
(SINR in dB, Throughput in %)
	Performance degradation reference
(Note 2)
	Choice of optional simulation parameters 

	
	
	
	
	Relative ACIR (dB)
(Note 1)
	Relative ACIR + step (dB)
	Relative ACIR + 2*step (dB)
	
	

	e.g. FR1 Uma-Uma

	

	

	5%
	SINR:
Throughput:
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	

	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	
	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	
	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	Note 1: Relative ACIR is derived from legacy ACLR and ACS of legacy BS and UE.
Note 2: For legacy TDD interfering SBFD cases, to report the performance degradation of legacy TDD DL interfering TDD DL with same assumptions.



Proposal 7: RAN4 to utilize offline activity to collect results between #107 and #108 meeting.

Co-ex study results update
The simulation assumption follows the latest agreements in #106-bis-e meeting, which refers to the reference [1]~[5].
The case numbers are referring to the tables in [1] below.

Simulation cases for SBFD
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DU)
	[image: ]
Case 1
	NR TDD DL
	High

	NR TDD UL
	SBFD (DU)
	[image: ]
Case 2
	NR TDD UL
	Low

	SBFD (DU)
	NR TDD DL
	[image: ]
Case 3
	No system in adjacent channel
	High

	SBFD(DU)
	NR TDD UL
	[image: ]
Case 4
	
	Low



Unless explicitly stated, the simulation results derived from the baseline assumption or 1st priority option.

	Deployment scenario number

	Company
	Case number
	Observation point
	Relative ACIR is derived from legacy or baseline assumptions for legacy TDD and SBFD BS and UE.
	TDD-TDD
with relative ACIR Note1
	Choice of optional simulation parameters

	
	
	
	
	/
	Relative ACIR
	/
	
	

	FR1 Uma-Uma

	Samsung
	1
	5%
	/
	-0.25%
	/
	/
	SBFD antenna configuration 1 with power boost. (option 1)

	
	
	
	50%
	/
	0.24%
	/
	/
	

	
	
	1
	5%
	/
	-0.75%
	/
	/
	SBFD antenna configuration 2

	
	
	
	50%
	/
	-0.52%
	/
	/
	

	
	
	3
	5%
	/
	TDD DL   SBFD UL: 5.30%
SBFD DL: 6.71%
	/
	TDD DL  TDD DL: 6.97%
	SBFD antenna configuration 1 with power boost. (option 1)

	
	
	
	50%
	/
	TDD DL   SBFD UL: 3.41%
SBFD DL: 2.44%
	/
	TDD DL  TDD DL: 2.28%
	

	
	
	3
	5%
	/
	TDD DL   SBFD UL: 4.37%
SBFD DL: 5.41%
	/
	TDD DL  TDD DL: 6.97%
	SBFD antenna configuration 2

	
	
	
	50%
	/
	TDD DL   SBFD UL: 2.02%
SBFD DL: 2.17%
	/
	TDD DL  TDD DL: 2.28%
	

	FR2 Uma-Uma

	Samsung
	1
	5%
	/
	2.04%
	/
	/
	SBFD antenna configuration 1 with power boost. (option 1)

	
	
	
	50%
	/
	0.19%
	/
	/
	

	
	
	1
	5%
	/
	1.81%
	/
	/
	SBFD antenna configuration 2

	
	
	
	50%
	/
	0.14%
	/
	/
	

	
	
	3
	5%
	/
	TDD DL   SBFD UL: 0.16%
SBFD DL: 4.62%
	/
	TDD DL  TDD DL: 4.78%
	SBFD antenna configuration 1 with power boost. (option 1)

	
	
	
	50%
	/
	TDD DL   SBFD UL: 0.15%
SBFD DL: 1.13%
	/
	TDD DL  TDD DL: 1.12%
	

	
	
	3
	5%
	/
	TDD DL   SBFD UL: 0.02%
SBFD DL: 4.10%
	/
	TDD DL  TDD DL: 4.78%
	SBFD antenna configuration 2

	
	
	
	50%
	/
	TDD DL   SBFD UL: 0.02%
SBFD DL: 1.03%
	/
	TDD DL  TDD DL: 1.12%
	



Evaluation based on our co-ex results
For SBFD interfering legacy TDD DL:
Observation 10: No performance degradation of legacy TDD DL was observed by introducing SBFD in adjacent channel for both FR1 and FR2 Urban Macro scenario.
Proposal 8: For SBFD system as aggressor, no performance degradation of legacy TDD DL relating to ACLR/ACS is observed.

For legacy TDD DL interfering SBFD:
Observation 11: No performance degradation of SBFD UL was observed by introducing legacy TDD DL in adjacent channel for both FR1 and FR2 Urban Macro scenario.
Observation 12: Under certain assumptions, FR1 UE operating in SBFD DL would suffer >5% throughput loss  (as shown in red arrow) at 5%-tile point when having legacy TDD DL operating in its adjacent channel. Under same assumptions, the FR1 UE operating in legacy TDD DL will suffer more throughput loss (as shown in blue arrow) at 5-tlie point when having legacy TDD DL operating in its adjacent channel.
[image: ] [image: ]
Proposal 9: For SBFD gNB as victim, no performance degradation relating to ACLR/ACS is observed when having legacy TDD DL in adjacent channel. For UE operating in SBFD DL as victim suffering from legacy TDD DL, the performance degradation would be lower than the UE operating in legacy DL suffering legacy TDD DL in adjacent channel.
Proposal 10: From adjacent channel co-ex study, the legacy gNB ACLR and ACS can be re-used for SBFD gNB when SBFD operating in TDD DL slot.

Conclusion
In this paper, we submitted following observations and proposals for the meeting to consider:
Observation 1: The CLI TR 38.828 concluded in all scenarios studied of FR1 and FR2, including Uma, Indoor, Micro, the problematic cross-link interference is gNB-gNB interference. The CLI TR also 38.828 concluded in both FR1 and FR2 that no performance degradation were observed for Indoor-to-Indoor scenario, and dynamic TDD can be used for Micro-to-Micro scenario.
Observation 2: The urban macro was agreed as high priority and had accomplished the assumptions and calibration discussions, which reflects it was the most concerned scenario in RAN4 adjacent channel co-ex discussion.
Proposal 1: We propose RAN4 to discuss whether Uma-Uma results can be considered as ‘worst-case’ scenario for SBFD co-ex with legacy TDD DL in adjacent channel, considering:
· the TR 38.828 concluded the BS-to-BS interference is the most problematic CLI and Uma-Uma suffers most CLI, and 
· the Urban macro is listed as high priority and had completed calibration, 

Observation 3: In [6], the UMi gNB was assumed with tx power as 46 dBm/100MHz, which according to section 6.2 of TS 38.104, this gNB should be categorized into the wide area BS. 
Proposal 2: RAN4 to discuss whether the UMi BS assumed in [6] is WA BS or MR BS, and this would impact the assumptions like NF.

Observation 4: The gNB blocking probability with its corresponding aggressor is shown in table below:
	Victim gNB
	Aggressor
	Blocking probability

	FR1 Uma legacy gNB
	FR1 SBFD gNB
	0.04%

	FR1 SBFD gNB
	FR1 Uma legacy gNB
	0.04%

	FR2 Uma legacy gNB
	FR2 SBFD gNB
	No blocking observed

	FR2 SBFD gNB
	FR2 Uma legacy gNB
	No blocking observed


Observation 5: The impact of noise figure degradation and blocking probability had been covered by co-ex study by using the agreed noise figure model.
Observation 6: It was agreed that different company would provide their own implementation with different isolation capacities. So that the total input power at the input of LNA differs from company to company due to different assumptions of implementations in feasibility study.

Proposal 3: For SBFD -> legacy TDD DL case, the co-ex study results would be used to discuss whether or not SBFD gNB ACLR needs improvement.
Proposal 4: For legacy TDD DL -> SBFD UL case, the co-ex study results would be used to discuss whether or not SBFD gNB ACS needs improvement. 

Observation 7: For the case of TDD DL -> SBFD DL, which is assumed as legacy UE in co-ex study, both aggressor and victim are legacy stations. It means no RF impact could be concluded to this case. And also, RAN4 had not decided how to evaluate this case.
Observation 8: The assumptions we used in co-ex study, including all the proposed options for gNB power, UE power, grid shifts and all others, are supposed to be used in normal operation between two adjacent channel legacy TDD DL.
Observation 9: The “relative ACIR”, which is derived by ACLR and ACS of legacy gNB and UE, provides an acceptable performance degradation basis between two legacy DL for all different options in assumptions.
Proposal 5: For TDD DL -> SBFD DL case, the performance degradation (including SINR in dB and/or throughput in percentage) can be evaluated by comparing it to the same form (SINR or throughput) of performance degradation between TDD DL -> TDD DL.

Proposal 6: RAN4 to agree on a template in this meeting, and following table is a candidate option from our side.
	Deployment scenario number

	Company
	Case number
	Observation point
	Performance degradation
(SINR in dB, Throughput in %)
	Performance degradation reference
(Note 2)
	Choice of optional simulation parameters 

	
	
	
	
	Relative ACIR (dB)
(Note 1)
	Relative ACIR + step (dB)
	Relative ACIR + 2*step (dB)
	
	

	e.g. FR1 Uma-Uma

	

	

	5%
	SINR:
Throughput:
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	

	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	
	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	
	
	
	5%
	
	
	
	
	

	
	
	
	50%
	
	
	
	
	

	Note 1: Relative ACIR is derived from legacy ACLR and ACS of legacy BS and UE.
Note 2: For legacy TDD interfering SBFD cases, to report the performance degradation of legacy TDD DL interfering TDD DL with same assumptions.



Proposal 7: RAN4 to utilize offline activity to collect results between #107 and #108 meeting.

For SBFD interfering legacy TDD DL:
Observation 10: No performance degradation of legacy TDD DL was observed by introducing SBFD in adjacent channel for both FR1 and FR2 Urban Macro scenario.
Proposal 8: For SBFD system as aggressor, no performance degradation of legacy TDD DL relating to ACLR/ACS is observed.

For legacy TDD DL interfering SBFD:
Observation 11: No performance degradation of SBFD UL was observed by introducing legacy TDD DL in adjacent channel for both FR1 and FR2 Urban Macro scenario.
Observation 12: Under certain assumptions, FR1 UE operating in SBFD DL would suffer >5% throughput loss  (as shown in red arrow) at 5%-tile point when having legacy TDD DL operating in its adjacent channel. Under same assumptions, the FR1 UE operating in legacy TDD DL will suffer more throughput loss (as shown in blue arrow) at 5-tlie point when having legacy TDD DL operating in its adjacent channel.
[image: ] [image: ]
Proposal 9: For SBFD gNB as victim, no performance degradation relating to ACLR/ACS is observed when having legacy TDD DL in adjacent channel. For UE operating in SBFD DL as victim suffering from legacy TDD DL, the performance degradation would be lower than the UE operating in legacy DL suffering legacy TDD DL in adjacent channel.
Proposal 10: From adjacent channel co-ex study, the legacy gNB ACLR and ACS can be re-used for SBFD gNB when SBFD operating in TDD DL slot.

Proposal 11: RAN4 to discuss the TP to TR 38.858 on adjacent channel co-existence evaluation results in Appendix regarding the proposed skeleton of Section 11.
Reference
[1] R4-2305921, “WF for SBFD adjacent channel co-existence study”, CMCC
[2] R4-2305923, “Summary of co-existence simulation parameters”, Samsung
[3] R4-2306005, “WF on implementation feasibility of SBFD”, Samsung
[4] R4-2306004, “Reply LS”, RAN4
[5] RAN4_106bis-e_BSRF Demod Test_Session_report_09_EOM
[6] R4-2305922, “WF for SBFD adjacent channel co-existence study for UMa-to-UMi scenario”, CableLabs



Appendix: TP to TR 38.858 on Adjacent channel co-existence evaluation results
Based on the approved TR skeleton (R4-2302887) for TR38.858, the following subsection and contents are proposed for section 11 Adjacent channel co-existence evaluation results:
< START OF Text Proposal >
[bookmark: _Toc131788039]11	Adjacent channel co-existence evaluation results
Editor's note: This section will also capture adjacent channel co-existence simulation results, i.e. ACLR, ACS, ACIR. About simulation parameters and methodology, they are suggested to be moved into Annex D.
11.1	Scenarios
Editor’s note: This section captures the summary table of scenarios considered in the adjacent channel co-ex study, and associated descriptions for these considered scenarios.
11.2	Simulation results
Editor’s note: This section captures the simulation results for scenarios collected from each company.
11.2.1	General
Editor’s note: This section captures the general simulating cases in terms of aggressor and victim for each scenario, and associated descriptions for those cases if needed.
11.2.2	FR1
Editor’s note: This section captures the simulation results in FR1.
11.2.2.1	Scenario 1 Urban Macro to Urban Macro
Editor’s note: This section captures the simulation results for Scenario 1 Urban Macro to Urban Macro in FR1.
11.2.3	FR2
Editor’s note: This section captures the simulation results in FR2.
11.2.3.1	Scenario 1 Urban Macro to Urban Macro
Editor’s note: This section captures the simulation results for Scenario 1 Urban Macro to Urban Macro in FR2.
11.3	Summary and recommendations
Editor’s note: This section captures the summary of the adjacent channel co-ex study results collected, and would also provide analysis and recommendations based on the summary of results.
11.3.1	Summary
Editor’s note: This section captures the summary of the adjacent channel co-ex study results collected, and would also provide analysis and recommendations based on the summary of results.
11.3.1.1	FR1
Editor’s note: This section provides the summary of the adjacent channel co-ex study results collected in FR1.
11.3.1.1.1	Urban Macro to Urban Macro
Editor’s note: This section provides the summary of the adjacent channel co-ex study results for Urban macro to Urban macro in FR1.
11.3.1.2	FR2
Editor’s note: This section provides the summary of the adjacent channel co-ex study results collected in FR2.
11.3.1.2.1	Urban Macro to Urban Macro
Editor’s note: This section provides the summary of the adjacent channel co-ex study results for Urban macro to Urban macro in FR2.
11.3.2 Recommendations
Editor’s note: This section captures the recommendations for SBFD operation, which is based on the summary of adjacent channel co-ex study results.
11.3.2.1	FR1
Editor’s note: This section provides the recommendations for SBFD operation in FR1, which is based on the corresponding summary of adjacent channel co-ex study results.
11.3.2.2	FR2
Editor’s note: This section provides the recommendations for SBFD operation in FR2, which is based on the corresponding summary of adjacent channel co-ex study results.
< END OF Text Proposal>
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