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1 Introduction
In the 3GPP RAN#96 meeting, the Rel-18 Study Item on the evolution of NR duplex operation has been approved. The sub-band full duplex (SBFD) and time division duplex (TDD) coexistence simulation assumptions were summarized and the results were concluded in RAN4 #108-bis [1]-[3]. The simulation results include adjacent channel interference ratio (ACIR) enhancement of +0, +2, +4, +6, and +8 dB. There is a placeholder in the TR 38.858 clause 11 TP about ACIR [1] and [3]:
[placeholder for clarifying text on ACIR enhancement definition for simulation and results interpretation]

In this contribution, ACIR enhancement definition and limitations are discussed, which is recommended to be captured in TR 38.858 clause 11.
2 ACIR enhancement
An example of SBFD adjacent channel coexistence simulation results is listed in Table 1, where the column “Relative ACIR” is based on the baseline ACIR assumptions, and the columns “+2 dB”, “+4 dB”, “+6 dB”, and “+8 dB” are results with enhanced ACIR of 2, 4, 6, and 8 dB. The cell edge (at the 5th percentile) throughput degradation is 17% (median value based on results from four companies) with the baseline ACIR, it is reduced to 13% with 2 dB ACIR enhancement, 8% with 4 dB ACIR enhancement, 3% with 6 dB ACIR enhancement, and no throughput degradation with 8 dB ACIR enhancement.

Observation 1: For Urban hotspot -> Urban hotspot deployments for FR1: DL throughput degradation is observed at the cell edge due to inter-UE CLI. There is no observed DL throughput degradation with enhanced ACIR by 8 dB.

Observation 2: Throughput degradation reduces as the ACIR enhancement increases, which could change the conclusion of SBFD coexistence simulations. For example, in scenario 2 case 1 with gNB antenna config 2, 49 dBm Tx power, 100% grid shift, and no noise figure enhancement, the cell edge (at the 5th percentile) throughput degradation is 17% (median value based on results from four companies) with the baseline ACIR, it is reduced to 13% with 2 dB ACIR enhancement, 8% with 4 dB ACIR enhancement, 3% with 6 dB ACIR enhancement, and no throughput degradation with 8 dB ACIR enhancement.

Table 1. Simulation results for scenario 2 (FR1 urban hotspot to urban hotspot) case 1 (NR TDD DL as victim and SBFD as aggressor) with SBFD gNB antenna configuration 2 (double antenna size), gNB Tx power of 49 dBm, grid shift of 100%, and without noise figure enhancement.
	Case
	Victim
	Aggressor
	Company
	Victim WITH aggressor ACI
Degradation compared to
Victim WITH baseline ACI

	
	
	
	
	TP degradation @5% in % (auto-generate)
	TP degradation @Mean in % (auto-generate)

	
	
	
	
	Relative ACIR
	+2 dB
	+4 dB
	+6 dB
	+8 dB
	Relative ACIR
	+2 dB
	+4 dB
	+6 dB
	+8 dB

	1
	NR TDD DL
	SBFD (DU)
	Ericsson
	9.50
	8.49
	6.33
	5.13
	4.05
	1.22
	1.04
	0.86
	0.71
	0.56

	1
	NR TDD DL
	SBFD (DU)
	CATT
	29.51
	23.11
	17.70
	13.74
	7.75
	6.13
	4.79
	3.63
	2.63
	1.78

	1
	NR TDD DL
	SBFD (DU)
	CMCC
	0.24
	-1.90
	-3.51
	-4.52
	-5.21
	-0.03
	-0.37
	-0.64
	-0.84
	-1.00

	1
	NR TDD DL
	SBFD (DU)
	CableLabs
	24.72
	16.64
	8.73
	1.61
	-3.79
	5.23
	3.42
	1.86
	0.53
	-0.60

	Median value among technical sources
	17.11
	12.56
	7.53
	3.37
	0.13
	3.23
	2.23
	1.36
	0.62
	-0.02



ACIR is based on the adjacent channel leakage ratio (ACLR) of the Tx and adjacent channel selectivity (ACS) of the Rx, following the formula in linear scale:

. 																		(1)

The baseline ACLR, ACS, and the corresponding ACIR are listed in Table 2. ACIR enhancement only applies to the new SBFD gNB and UE. It does not apply to the existing deployed legacy TDD gNB and UE requirements defined in TS 38.101-1 and 38.104. This limitation imposes a theoretical limit to the maximum achievable ACIR, denoted as the ACIR enhancement limit in Table 2.

The ACIR enhancement limit per coexistence case is as follows:
· Case 1, SBFD UE as aggressor and legacy TDD UE as victim. The legacy TDD UE ACS requirement of 33 dB in FR1 and 23 dB in FR2-1 cannot be improved. No matter how much ACLR on the SBFD UE could be improved, the ACIR is limited to the legacy TDD UE ACS. Theoretically, the ACIR enhancement cannot exceed 4.8 dB in FR1 and 2.5 dB in FR2-1.
· Case 2, SBFD gNB as aggressor and legacy TDD gNB as victim. The legacy TDD gNB ACS of 50 dB in FR1 and 24 dB in FR2-1 cannot be improved. No matter how much ACLR on the SBFD gNB could be improved, the ACIR is limited to the legacy TDD gNB ACS. Theoretically, the ACIR enhancement cannot exceed 6.2 dB in FR1 and 1.5 dB in FR2-1.
· Case 3, legacy TDD gNB as aggressor and SBFD gNB as victim. The legacy TDD gNB ACLR requirement of 45 dB in FR1 and 28 dB in FR2-1 cannot be improved. No matter how much ACS on the SBFD gNB could be improved, the ACIR is limited to the legacy TDD gNB ACLR. Theoretically, the ACIR enhancement cannot exceed 1.2 dB in FR1 and 5.5 dB in FR2-1.
· Case 4, legacy TDD UE as aggressor and SBFD UE as victim. The legacy TDD UE ACLR requirement of 30 dB in FR1 and 24 dB in FR2-1 cannot be improved. No matter how much ACS on the SBFD UE could be improved, the ACIR is limited to the legacy TDD UE ACLR. Theoretically, the ACIR enhancement cannot exceed 1.8 dB in FR1 and 3.5 dB in FR2-1.

Table 2. ACIR enhancement limitation for each case.
	 
	Case
	Aggressor/victim
	Baseline
	Ideal ACLR and ACS for SBFD gNB and UE
	ACIR enhancement limit (dB)

	
	
	
	ACLR (dB)
	ACS (dB)
	ACIR (dB)
	ACLR (dB)
	ACS (dB)
	Enhanced ACIR (dB)
	

	FR1
	1
	SBFD UE to TDD UE
	30
	33
	28.2
	Ideal (e.g., 100 dB or infinity)
	33
	33.0
	4.8

	
	2
	SBFD gNB to TDD gNB
	45
	50
	43.8
	Ideal (e.g., 100 dB or infinity)
	50
	50.0
	6.2

	
	3
	TDD gNB to SBFD gNB
	45
	50
	43.8
	45
	Ideal (e.g., 100 dB or infinity)
	45.0
	1.2

	
	4
	TDD UE to SBFD UE
	30
	33
	28.2
	30
	Ideal (e.g., 100 dB or infinity)
	30.0
	1.8

	FR2-1
	1
	SBFD UE to TDD UE
	24
	23
	20.5
	Ideal (e.g., 100 dB or infinity)
	23
	23.0
	2.5

	
	2
	SBFD gNB to TDD gNB
	28
	24
	22.5
	Ideal (e.g., 100 dB or infinity)
	24
	24.0
	1.5

	
	3
	TDD gNB to SBFD gNB
	28
	24
	22.5
	28
	Ideal (e.g., 100 dB or infinity)
	28.0
	5.5

	
	4
	TDD UE to SBFD UE
	24
	23
	20.5
	24
	Ideal (e.g., 100 dB or infinity)
	24.0
	3.5



Observation 3: The theoretical maximum ACIR enhancement in FR1 is 4.8 dB for case 1, 6.2 dB for case 2, 1.2 dB for case 3, and 1.8 dB for case 4. The theoretical maximum ACIR enhancement in FR2-1 is 2.5 dB for case 1, 1.5 dB for case 2, 5.5 dB for case 3, and 3.5 dB for case 4.

Proposal 1: The ACIR enhancement limitations listed in Observation 3 need to be described in TR 38.858 clause 11 to avoid misleading. 

Proposal 2: RAN4 needs to discuss how to consider SBFD adjacent-channel coexistence results with ACIR enhancement exceeding the limits.
· Option 1: The SBFD adjacent channel coexistence simulation results with unrealistically enhanced ACIR of up to 8 dB in the EXCEL spreadsheet could be presented AS IS. The WORD document generated by the moderator’s Python code should be updated with ACIR enhancement up to the limits.
· Option 2: The SBFD adjacent channel coexistence simulation results with unrealistically enhanced ACIR of up to 8 dB in both the EXCEL spreadsheet and the WORD document generated by the moderator’s Python code could be presented AS IS because RAN4 #109 is the last meeting.
3 Conclusion
Observation 1: For Urban hotspot -> Urban hotspot deployments for FR1: DL throughput degradation is observed at the cell edge due to inter-UE CLI. There is no observed DL throughput degradation with enhanced ACIR by 8 dB.

Observation 2: Throughput degradation reduces as the ACIR enhancement increases, which could change the conclusion of SBFD coexistence simulations. For example, in scenario 2 case 1 with gNB antenna config 2, 49 dBm Tx power, 100% grid shift, and no noise figure enhancement, the cell edge (at the 5th percentile) throughput degradation is 17% (median value based on results from four companies) with the baseline ACIR, it is reduced to 13% with 2 dB ACIR enhancement, 8% with 4 dB ACIR enhancement, 3% with 6 dB ACIR enhancement, and no throughput degradation with 8 dB ACIR enhancement.

Observation 3: The theoretical maximum ACIR enhancement in FR1 is 4.8 dB for case 1, 6.2 dB for case 2, 1.2 dB for case 3, and 1.8 dB for case 4. The theoretical maximum ACIR enhancement in FR2-1 is 2.5 dB for case 1, 1.5 dB for case 2, 5.5 dB for case 3, and 3.5 dB for case 4.

Proposal 1: The ACIR enhancement limitations listed in Observation 3 need to be described in TR 38.858 clause 11 to avoid misleading. 

Proposal 2: RAN4 needs to discuss how to consider SBFD adjacent-channel coexistence results with ACIR enhancement exceeding the limits.
· Option 1: The SBFD adjacent channel coexistence simulation results with unrealistically enhanced ACIR of up to 8 dB in the EXCEL spreadsheet could be presented AS IS. The WORD document generated by the moderator’s Python code should be updated with ACIR enhancement up to the limits.
· Option 2: The SBFD adjacent channel coexistence simulation results with unrealistically enhanced ACIR of up to 8 dB in both the EXCEL spreadsheet and the WORD document generated by the moderator’s Python code could be presented AS IS because RAN4 #109 is the last meeting.
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<Start of TP to TR 38.858 clause 11.2 that discusses ACIR enhancement>
11.2	Summary of all simulation results
ACIR is a parameter used in coexistence simulations to define how much of the adjacent channel power is interfering with the victim channel. This parameter is dependent on the Tx and Rx capabilities, i.e., on the ACLR and ACS, respectively. The coexistence analysis presented by companies in the SBFD/TDD adjacent channel coexistence study includes baseline ACIR and enhanced ACIR results. The baseline ACIR is derived from the ACLR and ACS values listed in Tables E.2.3-1, E.2.3-2, and E.2.4-1. The enhanced ACIR is obtained by improving both the ACLR and the ACS, or the ACLR or ACS individually. To model the enhanced ACIR, companies provided coexistence results for ACIR baseline + offset, where the offset takes the following values: {2 dB, 4 dB, 6 dB, 8 dB}.
An example of SBFD adjacent channel coexistence simulation results is listed in Table 11.2-1, where the column “Relative ACIR” is based on the baseline ACIR assumptions, and the columns “+2 dB”, “+4 dB”, “+6 dB”, and “+8 dB” are results with enhanced ACIR of 2, 4, 6, and 8 dB. The cell edge (at the 5th percentile) throughput degradation is 17% (median value based on results from four companies) with the baseline ACIR, it is reduced to 13% with a 2 dB ACIR enhancement, 8% with a 4 dB ACIR enhancement, 3% with a 6 dB ACIR enhancement, and no throughput degradation with an 8 dB ACIR enhancement.
Table 11.2-1. Example simulation results for scenario 2 (FR1 urban hotspot to urban hotspot) case 1 (NR TDD DL as victim and SBFD as aggressor) with SBFD gNB antenna configuration 2 (double antenna size), gNB Tx power of 49 dBm, grid shift of 100%, and without noise figure enhancement.
	Case
	Victim
	Aggressor
	Company
	Victim WITH aggressor ACI
Degradation compared to
Victim WITH baseline ACI

	
	
	
	
	TP degradation @5% in % (auto-generate)
	TP degradation @Mean in % (auto-generate)

	
	
	
	
	Relative ACIR
	+2 dB
	+4 dB
	+6 dB
	+8 dB
	Relative ACIR
	+2 dB
	+4 dB
	+6 dB
	+8 dB

	1
	NR TDD DL
	SBFD (DU)
	Ericsson
	9.50
	8.49
	6.33
	5.13
	4.05
	1.22
	1.04
	0.86
	0.71
	0.56

	1
	NR TDD DL
	SBFD (DU)
	CATT
	29.51
	23.11
	17.70
	13.74
	7.75
	6.13
	4.79
	3.63
	2.63
	1.78

	1
	NR TDD DL
	SBFD (DU)
	CMCC
	0.24
	-1.90
	-3.51
	-4.52
	-5.21
	-0.03
	-0.37
	-0.64
	-0.84
	-1.00

	1
	NR TDD DL
	SBFD (DU)
	CableLabs
	24.72
	16.64
	8.73
	1.61
	-3.79
	5.23
	3.42
	1.86
	0.53
	-0.60

	Median value among technical sources
	17.11
	12.56
	7.53
	3.37
	0.13
	3.23
	2.23
	1.36
	0.62
	-0.02



The ACIR is calculated as a combination of legacy TDD and SBFD networks ACLR and ACS. For instance, for Case 1, the ACIR is calculated using the SBFD UE ACLR and the legacy TDD UE ACS. It is important to note that the improved ACLR and ACS are only applicable to the new SBFD gNBs and UEs while the legacy TDD gNBs and UEs ACLR and ACS should remain as baseline. Improving only the SBFD network’s ACLR or ACS imposes a theoretical limit to the maximum achievable ACIR.
Table 11.2-2 presents the baseline ACLR, ACS, and the corresponding ACIR per coexistence case. Table 11.2-2 additionally includes the enhanced (upper-bound) ACIR calculated with ideal ACLR or ACS on the SBFD network. The ACIR enhancement limit is also present and calculated as the difference between enhanced ACIR and baseline ACIR. The ACIR enhancement limit indicates the maximum offset applicable to the ACIR baseline to obtain the enhanced ACIR.
The ACIR enhancement limitation is explained per coexistence case as follows:
· Case 1, SBFD UE as aggressor and legacy TDD UE as victim. The legacy TDD UE ACS requirement of 33 dB in FR1 and 23 dB in FR2-1 cannot be improved. No matter how much ACLR on the SBFD UE could be improved, the ACIR is limited to the legacy TDD UE ACS. Theoretically, the ACIR enhancement cannot exceed 4.8 dB in FR1 and 2.5 dB in FR2-1.
· Case 2, SBFD gNB as aggressor and legacy TDD gNB as victim. The legacy TDD gNB ACS of 50 dB in FR1 and 24 dB in FR2-1 cannot be improved. No matter how much ACLR on the SBFD gNB could be improved, the ACIR is limited to the legacy TDD gNB ACS. Theoretically, the ACIR enhancement cannot exceed 6.2 dB in FR1 and 1.5 dB in FR2-1.
· Case 3, legacy TDD gNB as aggressor and SBFD gNB as victim. The legacy TDD gNB ACLR requirement of 45 dB in FR1 and 28 dB in FR2-1 cannot be improved. No matter how much ACS on the SBFD gNB could be improved, the ACIR is limited to the legacy TDD gNB ACLR. Theoretically, the ACIR enhancement cannot exceed 1.2 dB in FR1 and 5.5 dB in FR2-1.
· Case 4, legacy TDD UE as aggressor and SBFD UE as victim. The legacy TDD UE ACLR requirement of 30 dB in FR1 and 24 dB in FR2-1 cannot be improved. No matter how much ACS on the SBFD UE could be improved, the ACIR is limited to the legacy TDD UE ACLR. Theoretically, the ACIR enhancement cannot exceed 1.8 dB in FR1 and 3.5 dB in FR2-1.

Table 11.2-2. ACIR enhancement limitation for each case.
	 
	Case
	Aggressor/victim
	Baseline
	Ideal ACLR and ACS for SBFD gNB and UE
	ACIR enhancement limit (dB)

	
	
	
	ACLR (dB)
	ACS (dB)
	ACIR (dB)
	ACLR (dB)
	ACS (dB)
	Enhanced ACIR (dB)
	

	FR1
	1
	SBFD UE to TDD UE
	30
	33
	28.2
	Ideal (e.g., 100 dB or infinity)
	33
	33.0
	4.8

	
	2
	SBFD gNB to TDD gNB
	45
	50
	43.8
	Ideal (e.g., 100 dB or infinity)
	50
	50.0
	6.2

	
	3
	TDD gNB to SBFD gNB
	45
	50
	43.8
	45
	Ideal (e.g., 100 dB or infinity)
	45.0
	1.2

	
	4
	TDD UE to SBFD UE
	30
	33
	28.2
	30
	Ideal (e.g., 100 dB or infinity)
	30.0
	1.8

	FR2-1
	1
	SBFD UE to TDD UE
	24
	23
	20.5
	Ideal (e.g., 100 dB or infinity)
	23
	23.0
	2.5

	
	2
	SBFD gNB to TDD gNB
	28
	24
	22.5
	Ideal (e.g., 100 dB or infinity)
	24
	24.0
	1.5

	
	3
	TDD gNB to SBFD gNB
	28
	24
	22.5
	28
	Ideal (e.g., 100 dB or infinity)
	28.0
	5.5

	
	4
	TDD UE to SBFD UE
	24
	23
	20.5
	24
	Ideal (e.g., 100 dB or infinity)
	24.0
	3.5



ACIR enhancement exceeding the limits in Table 11.2-2 would require ACLR and ACS enhancement on both SBFD and legacy TDD gNBs and UEs. The corresponding simulation results provide a reference for a set of vendor-specific gNB or UE devices that have ACLR or ACS better than the requirements specified in TS 38.101-1 and 38.104. The coexistence conclusions in Section 11.3 are derived from the coexistence results using baseline ACIR.
<End of TP to TR 38.858 clause 11.2 that discusses ACIR enhancement>

<Start of TP to TR 38.858 clause 11.3.5 that discusses ACIR enhancement and interference mitigation techniques>
11.3.5 General remarks on coexistence findings
For the above cases where no throughput degradation has been observed, no additional coexistence measures are required for SBFD deployment. However, for other cases where throughput degradation has been observed, interference mitigation techniques will need to be considered. For example, in scenario 2 case 1, the coexistence study results showed that ACIR enhancement could mitigate the interference from SBFD to legacy TDD. Interference mitigation techniques on the SBFD devices could enhance ACIR by up to 4.8 dB and reduce the legacy TDD cell-edge UL throughput degradation from 17% (baseline) to 8%. By further applying interference mitigation techniques on the legacy TDD devices, the throughput degradation could be reduced to almost 0% if the ACIR enhancement could achieve 8 dB.
<End of TP to TR 38.858 clause 11.3.5 that discusses ACIR enhancement and interference mitigation techniques>
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