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Introduction
In this contribution, we discuss deployment scenarios and evaluation methodology for duplex enhancement [1]. Relevant deployment scenarios and evaluation methodology were first discussed in RAN1#109e[2] and some detail on evaluation deployments and metrics are discussed and agreed in RAN1#110[3] and RAN1#110b-e[4]. Two LS[5][6] about interference modelling were sent to RAN4 in RAN1#109e and RAN1#110bis-e separately. And the replies[7][8] for those two LS were given in RAN4#104e and RAN4#105.
In the following sections, we discuss the detail of evaluation on duplex enhancement, including deployment scenarios, interference modelling, calibration metrics and assumptions. Preliminary calibration results of Urban Macro and Indoor are also proposed.  
Deployment scenarios
SBFD case
General
Four deployment cases for SBFD were specified in RAN1#109e. Considering the workload, deployments case 2 and case 3-1 are deprioritized and Rural scenario and FR2-2 are not considered in Rel-18 which reached agreement in RAN1#110. 2-layer scenario B was agreed to be the baseline scenario for SBFD case 3-2 in RAN1#110bis-e. Now, all the SBFD deployment scenarios with high priority were determined and listed in Table 1.
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.

Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.


[bookmark: _Ref110200003][bookmark: _Ref115334439][bookmark: _Ref110199995]Table 1: Evaluation cases for SBFD
	deployment

	Case 1
	FR1
	Indoor office

	
	
	Urban macro

	
	
	Optional: Dense Urban

	
	FR2-1
	Indoor office

	
	
	Dense urban macro

	
	
	Optional: Dense Urban micro

	Case 2 (low priority)

	Case 3-1
	Low priority

	Case 3-2
	2-layer Scenario B

	Case 4
	FR1
	Urban macro

	
	FR2-1
	Dense Urban macro


Case 1
UE clustering was adopted as baseline for Urban Macro and Dense Urban Macro Layer. The detail of the UE distribution reached consensus in RAN1#110bis_e and UE cluster is totally confined within the macro cell geographical area. But the definition of macro cell geographical area is not defined yet. Figure 1 is used in the first discussion of Dense Urban with 2-layer to show the relationship of Macro TRP and micro TRP. Hexagon layout is adopted to describe Macro TRP which is also used in TR 38.802. In ITU, the same layout is defined, base stations are placed in a regular grid, following hexagonal layout. Figure 2 shows the basic hexagon layout of three cells per site in ITU. 
	Agreement
Update the previous agreement as below:
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per macro TRP
· Step 1: Randomly drop X UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped in the macro geographical area outside the clusters
· Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· FFS: Indoor UEs height 
· Y%=80%
· FFS the values of M, X, Dmacro-to-cluster, Dinter-cluster, R
· Optional: 
· 10 users per macro TRP (per direction), and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]
FFS: FR2 details

Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
· R =[25] m, Dmacro-to-cluster = 35m+R, Dinter-cluster = 2R m. 
Note: the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
For calibration purposes, assume clustering with R=25




[bookmark: _Ref126915236]Figure 1: Dense Urban with 2-layer
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[bookmark: _Ref126915390]Figure 2: Layout and geometry of base stations
Two other layout of macro cell geographical area are also shown in Figure 3. And the hexagonal grid with one macro site is divided equally by 3 Macro TRPs, and the layouts of which are displayed as pentagon and rhomb. Simulation results of gNB-UE and UE-UE coupling loss using hexagon and rhomb layout are shown in Figure 4. Little difference is seen from the coupling loss curve between those two layouts. So we propose the definition of macro cell geographical area can be reported by companies.


[bookmark: _Ref126918084]Figure 3: Pentagonal and rhombic layout of macro cell geographical area
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[bookmark: _Ref127261876]Figure 4: Coupling loss with hexagon layout and rhomb layout
Proposal 1: The definition of macro cell geographical area can be reported by companies.
Case 2 and Case 3-1
Scenarios for case 2 and case3-1 should also be defined considering the integrity of performance analysis. Meanwhile, it is reasonable to reuse other already defined scenarios to reduce workload in those two cases which are taken as low priority. For deployment case 2, different SBFD configurations are used for different cells of the same operator. This scenario highly happened in Hetnet, 2-layer Scenario B can be reused. It may also happened in Urban Macro cells with different traffic load. Deployment case 3 can be treated as a special case for case 2 when the SBFD configuration of some cell rollbacks to legacy TDD. So the scenarios mentioned above can be used for both two cases. For case 3-1, only one layer scenarios is taken into account, thus Urban Macro can be reused. This may happen when operator update legacy TDD gNBs to SBFD gNBs step by step. Thus, the following scenarios are proposed for case 2 and case 3-1.
Proposal 2: Urban Macro and 2-layer Scenario B should be considered for SBFD Deployment Case 2.
Proposal 3: Urban Macro should be considered for SBFD Deployment Case 3-1.
Case 4
SBFD subband configuration with {DUD} pattern of SBFD deployment case 1 was set in RAN1#110bis-e. Performance of SBFD in deployment case 1 varies little between subband configuration with {DUD} and {DU}. Those two subband configuration of deployment case 4 is shown in Figure 5. UL subband at the edge carrier saves resources for guardband and the performance degradation may not found in Figure 1. But it is not the case, when the two side adjacent channels of SBFD carrier are occupied by the other operators with legacy operation. Further discussion on subband configuration in deployment case 4 is needed and subband configuration with {DU} pattern should be taken into account. 
	Agreement
For SLS evaluation purposes only, Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed: 
· For FR1 
· Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>
· Optional: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <106, 51, 5>
· For FR2
· Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
· Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
Other values of < ND, NU, NG > are not precluded and can be reported by companies.
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[bookmark: _Ref126250554]Figure 5: The candidate subband patterns for SBFD operation
Proposal 4: Further discussion on subband configuration in deployment case 4 is needed and subband configuration with {DU} pattern should be taken into account.
2-layer scenario B
Detail layout of 2-layer scenario B has been finalized in RAN1#111[9] taking indoor office as baseline. Indoor factory is optional for 2-layer scenario B and the used layout can be reported by companies. But there are five sub-scenarios (InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH) in TR 38.901[10] focusing on varying sizes and density of clutter. In order to get more elaborated results for indoor factory, it is better to choose one sub-scenario out of five, and leave the layout reported by companies.
	Agreement
For evaluation of SBFD Deployment Case 3-2, the following scenario is baseline for FR1:
· 2-layer Scenario B 
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
· Other operations are not precluded and can be reported by companies, e.g., Layer 1 uses SBFD operation and Layer 2 uses legacy TDD operation
Companies can submit results for other scenarios


Proposal 5: For 2-layer Scenario B, choose one sub-scenario among InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH for indoor factory.
Dynamic TDD case
General
Consensus on evaluation scenarios of dynamic/flexible TDD was reached inRAN1#110bis-e. Indoor office with dynamic TDD for FR1/FR2-1 and 2-layer scenario B for FR 1 were set as main scenarios. All cases for dynamic/flexible TDD are listed in Table 2.
	Agreement
For evaluation of dynamic/flexible TDD for the single operator case, consider the following scenarios:
· FR1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Urban Macro with dynamic TDD UL/DL assignment
· 2-layer Scenario B
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory (companies to report which one is used)
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Regarding 2-layer scenario, the two layers are deployed in the same carrier
· Layer 1 uses legacy static TDD operation with DL dominant static TDD UL/DL configuration
· Layer 2 uses one of the following options (companies to report which option is used)
· Option 1: All gNBs in layer 2 use legacy static TDD operation with the same UL dominant static TDD UL/DL configuration
· Option 2: All gNBs in layer 2 use dynamic TDD UL/DL assignment
· Other options are not precluded and can be reported by companies
· FR2-1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Dense Urban Macro layer with dynamic TDD UL/DL assignment
· For above scenarios, the following is assumed:
· DL dominant static TDD UL/DL configuration: {DDDSU}, where S=[12D:2G:0U]
· UL dominant static TDD UL/DL configuration: {DSUUU}, where S=[12D:2G:0U]
· dynamic TDD UL/DL assignment: {FFFFF}, companies to report the guard symbols assumed in their simulation
· other configurations for dynamic TDD are not precluded and can be reported by companies
Companies can submit results for other scenarios


[bookmark: _Ref110200691]Table 2: Evaluation scenario cases for dynamic/flexible TDD
	Deployments scenarios

	FR1
	1-layer
	Indoor office dynamic

	
	
	(Optional) Urban macro dynamic

	
	2-layer
Scenario B
	gNB static/Indoor static

	
	
	gNB static/Indoor dynamic

	FR2-1
	Indoor dynamic

	
	(Optional) Dense urban macro dynamic


Indoor hotspot, dense urban and urban macro were studied in R15 flexible duplexing[9]. We will discuss the 2-layer scenario B (Hetnet scenarios with urban macro and indoor) in the next section not covered in Rel-15. 
2-layer scenario B
In Figure 6, it illustrates the scenario where Marco-cell and indoor office are configured with different TDD configurations, respectively. Since more UL slots are used in office, the UL reception of indoor office gNB suffers co-channel interference from DL transmission of Macro gNB. Besides, the DL data in macro cell will be interfered by co-channel CLI from the UEs transmitting UL signal in office. 2-layer scenario B is the baseline scenario not only for dynamic/flexible TDD but also for SBFD case 3-2. The layout of 2-layer scenario B finally reached consensus in RAN1#111.

[bookmark: _Ref110241902][image: ]Figure 6: Macro and indoor office scenarios with different UL-DL TDD configuration
RU definition for dynamic TDD evaluations was first discussed in RAN1#110bis-e, but companies thought that RU was related to the traffic load for dynamic TDD evaluation. Thus, an agreement on how to determine the UL/DL arrival rate was shown as below.
	Agreement
For dynamic TDD evaluations, the following is assumed. 
	
	Target dynamic/flexible TDD operation
	Baseline operation for comparison
	UL/DL arrival rate determination method

	1-layer scenario (FR1/FR2-1)
	Using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	using dynamic TDD UL/DL assignment based on Rel-17 specifications
	UL/DL arrival rate is selected so that network using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	2-layer Scenario B (FR1)*
	Layer 2 using legacy static TDD {DSUUU} based on potential enhancements discussed in AI 9.3.3
	Layer 2 using legacy static TDD {DDDSU} based on Rel-17 specifications
	[bookmark: OLE_LINK1]UL/DL arrival rate is selected for each layer independently so that each layer using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	
	Layer 2 using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	Layer 2 using dynamic TDD UL/DL assignment based on Rel-17 specifications
	

	*: For 2-layer Scenario B (FR1), layer 1 using legacy static TDD {DDDSU} for both target and baseline operation
**: Type-2 RU definition is the same as that defined for SBFD evaluation





In the agreement, UL/DL arrival rate of 2-layer scenario B for FR1 is selected based on legacy static TDD {DDDSU} for both layer 1 and layer 2. But in the agreement about scenarios of dynamic/flexible TDD, layer 1 uses legacy static TDD operation with DL dominant static TDD UL/DL configuration while layer 2 uses UL dominant static TDD UL/DL configuration or dynamic TDD assignment for 2-layer scenario B. Obviously, the traffic loads of layer 1 and layer 2 are different, so it is not reasonable to define the UL/DL arrival rate of layer 2 based on the legacy static TDD {DDDSU} of layer 1. UL/DL arrival rate of each layer should be selected independently based on legacy static TDD {DDDSU} and {DSUUU}. So update on UL/DL arrival rate determination method of 2-layer scenario B is needed shown as below.
Proposal 6: For 2-layer Scenario B, UL/DL arrival rate is selected for each layer independently so that each layer using legacy static TDD {DDDSU} for layer1 and {DSUUU} for layer 2 achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).
Other scenarios of dynamic/flexible TDD except Hetnet have been calibrated in Rel-15 flexible duplexing. Once the evaluation assumptions is specified, it’s better to align the gNB-gNB and UE-UE channel model with penetration for Hetnet as well. Therefore, the calibration for Hetnet scenario is needed in Rel-18 duplex enhancement. 
Proposal 7: Calibration for 2-layer Scenario B is needed.
Calibration
Urban macro and dense urban macro layer with UE clustering were selected for SLS calibration. UE pairs with 2D distance less than 50m is taken into account in SLS calibration. While penetration loss between UEs was agreed to follow Table A.2.1-12 in TR38.802[11], and two UEs belongs to the same building when the inter-user 2D distance is less than 50m. In this case, all UE penetration loss in UE-UE coupling loss of SLS calibration is 0 considering same height for indoor UEs. But UEs in different clusters should be considered in different buildings according to the agreement of RAN1#110bis-e which results the UE penetration loss equals to 0 when UEs in the same cluster and it is larger than 0 when UEs in the different clusters. Different penetration loss may be introduced according to two different agreement. So the simulation assumption of penetration loss for UE-UE link should be confirmed in RAN1#112.
	Agreement
When UE clustering distribution is used, 
· consider the UEs in the same cluster are in the same building
· For Alt-2 (M=20, X=2), consider the UEs in different clusters are in different buildings
· FFS: the detailed definitions of the metrics listed above
Agreement
Regarding SLS calibration, consider the following metrics:
· For CDF of gNB-UE coupling loss, only the coupling losses between each UE and its serving cell are collected for CDF statistic.
·  and  are determined by selecting the best beam pair of the UE and its serving cell with the criteria of maximizing receive power of the UE.
· For CDF of gNB-gNB coupling loss, 
· For one SLS drop, generate channels among gNBs, calculate and collect the coupling loss for each gNB pair
· The two gNBs in each gNB pair should be from different sites.
· Both  and  are randomly selected for calculating the coupling loss for each gNB pair.
· Companies to run enough SLS drops and report the number of SLS drops when plotting the CDF using the collected coupling losses.
· For CDF of UE-UE coupling loss,
· For one SLS drop, drop UEs in the network and generate channels among UEs, calculate and collect the coupling loss for each UE pair
· If the 2D distance between two UEs in a UE pair is larger than 50m, the UE pair is not considered for statistic.
· For each UE,  and  is determined based on the best beam pair of the UE and its serving cell.
· Companies to run enough SLS drops and report the number of SLS drops when plotting the CDF using the collected coupling losses.
· Note1: Formula (2) for CL with averaging across all the Tx/Rx ports is used for coupling loss calculation above, i.e., 
· Note 2: The beams for above cases are selected based on a defined set of beams for FR1 and FR2 in the table for calibration assumptions. 

Agreement
For SLS calibration, RAN1 agrees to use the following assumptions.
· For assumptions that are agreed with both baseline assumptions and optional assumptions, the baseline assumptions are used for calibration
	
	Urban Macro(FR1)
	Dense Urban Macro Layer (FR2)

	Macro Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	BS transmit power for SBFD 
	· Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.
· 53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	· Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.
· 40 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD

	UE-UE Channel model (large-scale)
	Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
· Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
· Single gNB panel is used for UE attachment

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
Zenith angle θj = {5*pi/8, 7*pi/8}

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
Zenith angle θj = {pi/4, 3*pi/4};

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524





[bookmark: OLE_LINK2][bookmark: _Ref118359117][bookmark: _Ref118359102]Proposal 8: Confirm the penetration loss for UE-UE link when UEs in different cluster in Urban Macro and Dense Urban Macro Layer scenarios. 
In TR38.901, the standard deviation of shadow fading in LOS case, NLOS case and O2I case are different. It is clear for most of the cases except two UEs in different clusters, in other word, the case of UEs in different buildings. The UE-UE channel model is considered as NLOS case agreed in RAN1#110bis-e. But it is also reasonable to consider the UEs in different building as O2I case in which the standard deviation of shadow fading is larger than NLOS case. 
	Agreement
Regarding Option 2 of UE-UE channel model for Dense urban/Urban macro scenarios, use NLOS when two indoor UEs are in different buildings.


Proposal 9: Confirm the shadow fading for UE-UE link when UEs in different cluster in Urban Macro and Dense Urban Macro Layer scenarios.
Simulation assumptions
Channel modelling
Indoor scenario is widely adopted for SBFD performance analysis, InH-Office in TR 38.901 is used for channel modelling. Open office and mixed office models are used in indoor-office scenarios, the only difference between those two models is the line of sight probability in Table 7.4.2-1 of TR 38.901. Open office model is suitable for most of the indoor case, so we propose to take open office model in indoor-Office scenario.
	Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· [bookmark: _Hlk103319711]FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.


Proposal 10: For channel modelling of Indoor scenario, open office model in Table 7.4.2-1 of TR38.901 should be used to calculate LOS probability.
For large-scale channel parameters of gNB-gNB channel model, UMa in TR38.901 is used for Macro-to-Macro with the height of UE updated to 25m. In order to decide which pathloss is used for UMa, d'BP should be gotten according to the Note1 of Table 7.4.1-1. At first, C(d2D, hUT) should be calculated to get d'BP. But there is no formula for hUT=25m. So, the formula to get C(d2D, hUT) should be updated to include the case of 25m height of UE.
	Working assumption:
Adopt the following table for gNB-gNB channel model and gNB-UE channel model.
	
	Dense urban, Urban macro
	Indoor office

	Large-scale channel parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m), 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m)
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m) 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m) 
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)





Proposal 11: For large-scale channel parameters of gNB-gNB channel model in Uma, the formula to get C(d2D, hUT) should include the case of hUT=25m.
For large-scale channel parameters of UE-UE channel model, UMi-Street canyon in TR38.901 is used in option 2. The minimum distance between two UEs is 1m, but pathloss can’t be obtained by the formula in Table 7.4.1-1 of TR38.901 regardless of LOS case or NLOS case. The range of d2D should be extended to 1m when calculate PLUMi-LOS and PLUMi-NLOS for UE-UE channel model.  
	Working Assumption
For UE-UE channel model, reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 as baseline, and other models are not precluded.
UE-UE channel model
	
	Dense urban, Urban macro
	Indoor hotspot

	Large-scale channel parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802
	FR1:
· Option1 : UE-to-UE: A.2.1.2 in TR36.843 (*)
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)





Proposal 12: For large-scale channel parameters of UE-UE channel model in Dense urban and Urban macro, update the range of d2D in the formula for pathloss is needed.
Interference modelling
In the last meeting, agreement about receiver selectivity of the modelling of inter-site gNB-gNB co-channel inter-subband CLI was achieved and which has been also sent to RAN4 seeking confirmation. The power of blocker is calculated as the sum of power on each downlink RB which is relative to the transmitted symbols. Since the modelling of CLI is designed to SLS performance evaluation, every part of the modelling should correspond to some part in SLS. But transmitted symbol is not what we can get in SLS. Further discussion on how to modelling Pblocker in SLS is needed. One feasible way is to use average power on each RB as approximate value of transmitted symbol, although inaccuracy may be introduced.   
	Agreement
Regarding the modelling of inter-site gNB-gNB co-channel inter-subband CLI agreed in RAN1#110bis for the case that both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB, can be modelled as
 
· , , is modelled as white Gaussian noise
· 
·  
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
·  is the total number of DL RBs in the DL subbands,
· RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.
· Send LS to RAN4 to confirm RAN1 understanding and check whether  can be modelled depending on the value of the blocker interference, e.g.,

· Note:  can be reported by companies


Proposal 13: In SLS, transmission power in DL RB m can be used to calculate  instead of in inter-site gNB-gNB co-channel inter-subband CLI modelling.
In the RAN4 recently relay of LS[8], the detail of UE-UE CLI modelling is proposed. The summary of UE-UE CLI modelling is listed in Table 3. For adjacent channel CLI modelling, ACLR1 with specific absolute limit requirements for FR1 and FR2-1 are used for Tx model. And for Rx model, two aspects i.e. ACS and adjacent channel blocker are taken into account. For FR1, when the blocker is higher than -25dBm, it is assumed larger receiver degradation is obtained. For FR2-1, the same method is assumed as FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level. Relationship of those three parameters and adjacent channel blocker should be discussed in RAN1. IBE based model with general and IQ image but without carrier leakage part is used for Tx model of co-channel UE-UE CLI modelling. But the Rx model is still under study in this relay. Trace back to the earlier replay[7] of RAN4, for Rx model, maximum input power and some in studying indicative co-channel Rx modelling are preferred by RAN4. Although, in-channel selectivity requirements of UE are not defined, it can be an option which is the same case of inter-site gNB-gNB co-channel inter-subband CLI modelling.
[bookmark: _Ref127349952]Table 3: Summary of UE-UE CLI modelling
	

UE-UE CLI modelling
	Adjacent channel
	Co-channel

	
	Tx model
	Rx model
	Tx model
	Rx model

	
	FR1: ACLR1(30dB)
FR2-1: ACLR1(23dB)
	FR1: ACS(33dB) blocker(-25dBm)
FR2-1:ACS(23dB) blocker (ACS + REFSENS + max input power)
	IBE based model (general + IQ image)
	Max input power + [ICS]



	In context of UE-UE co-channel inter-subband CLI modelling, RAN4 agree on below candidates requirements specified in TS38.101-1 and TS38.101-2 for FR1 and RF2 respectively. 
· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· In-band emission as starting point, which defines a per-RB emission across the channel
· RAN4 is still studying whether ACLR may also apply in certain restricted configurations
· RX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· Maximum input power as threshold based on above specification
· In-channel selectivity requirements for the UE are not defined, and RAN4 is still investigating the feasibility of providing an indicative co-channel Rx modelling in the presence of interference.

In addition to RAN4 reply LS in R4-2214376, the following RAN4 agreements are achieved for TX modelling for UE-UE CLI:
· UE TX aggressor toward adjacent channel victim (FR1):
· The base value for ACLR1 in TX model for FR1 power class 3:
· 30 dB is the total distortion power in the adjacent channel on each side of SBFD carrier. The ACLR1 distortion PSD is modeled as flat over that range.
· FFS whether RAN4 need to model allocations that are less than fully allocated uplink sub-bands.
· The base value value which the model use for FR1 PC3 ACLR2:
· Evaluate the effect of UE-UE CLI with ACLR1 only.
· Revisit the discussion on ACLR2 if UE-UE CLI becomes significant.
· TX power classes:
· Only power class 3 is considered
· Frequency resolution (granularity) of the model:
· Distortion is modeled as a flat power spectral densitity across the frequency range of the distortion.
· ACLR-based interference model to be scaled with power backoff:
· Do not model improved ACLR with power backoff.
· RAN4 will revisit the discussion on backoff-dependent ACLR if UE-UE CLI becomes significant.
· UE TX aggressor toward adjacent channel victim (FR2-1)
· The base value for ACLR1 in TX model for FR2-1, ACLR or OBW as the base value:
· For FR2-1 use Occupied BW requirement as the basis for ACLR1, i.e., 23 dB
· The base value value which the model use for FR2-1 ACLR2:
· ACLR-2 model aspect is precluded for FR2-1.
· UE TX aggressor toward co-channel victim (FR1 and FR2-1)
· RAN4 inform RAN1 that the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 
And the following RAN4 agreements are achieved for RX modelling for UE-UE CLI:
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· RX model with adjacent channel blocker over the RX dynamic range
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data (100% packet loss)
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
· RX model with adjacent channel blocker over the RX dynamic range
· For FR2-1 use the same method as in FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level 
· UE RX victim from co-channel aggressor (FR1 and FR2-1): 
· RAN4 is still working on the RX model for SBFD operation. 


Proposal 14: The detail of adjacent blocker for FR2-1 should be further discussed.
Proposal 15: Similar definition of ICS for UE as that of gNB should be used for the Rx model of UE-UE CLI modelling.
Calibration result
Calibration results for evaluation of SBFD operation is decided to be abtained in RAN1#112. The calibration results for Urban Macro (FR1) and Indoor (FR1 and FR2-1) on coupling loss are provided. The detail of simulation assumption are summarized in Appendix.
Result for Urban Macro
Urban Macro with UE clustering is used for calibration. In this case, gNB-UE channel model is according to the UMa scenario in TR38.901. And gNB-UE O2I penetration loss is composed of low-loss model with 80% probability and high-loss model with 20% probability. gNB-gNB channel model is based on Uma scenario updated the height of UE as 25m. Since the 2D distance between two Macro gNBs equal to ISD in hexagonal grid with 7 macro sites, the LOS probability of gNB-gNB channel is set to 0.75. For UE-UE channel, it’s according to UMi-Street canyon in TR 38.901 with the height of base station from 1.5m to 22.5m. About penetration loss of UEs in the same clusters, it is set to 0, while the penetration loss of UEs in different cluster is treated as in different building. And NLOS channel is used between two UEs in different clusters.
The coupling loss results of Urban Macro are shown in Figure 7. Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around is used in calibration which result in the distance between two gNB is the same. In addition, only large-scale gNB-gNB is taken into account. The antenna gain of any two gNB is one of four specific discrete values which makes the curve of gNB-gNB coupling loss not that smooth. 
[image: ]
[bookmark: _Ref126327288]Figure 7: Coupling loss for Urban Macro FR1
Result for Indoor 
Indoor scenario was selected as a calibration case for FR1 and FR2-1 in RAN1#111. InH office in TR38.901 is reused for gNB-UE,  and gNB-gNB and UE-UE channel model are modified with new  height value of BS and UE. Open office model is used to calculate the LOS probability. Two UE panels are used for FR2 and the UE panel with the best receive SNR is chosen to determine UE attachments. Analog beam used for each UE is based on the best beam chosen from UE attachments.
The coupling loss results of Indoor are shown in Figure 8 and Figure 9.
[image: ]
[bookmark: _Ref126328620]Figure 8: Coupling loss for Indoor FR1

[bookmark: _GoBack][image: ]
[bookmark: _Ref126328626]Figure 9: Coupling loss for Indoor FR2-1
Conclusion
In this contribution, we presented some considerations for the deployment scenarios, calibration and evaluation assumptions on duplex enhancement, and have the following observations and proposals:
Proposal 1: The definition of macro cell geographical area can be reported by companies.
Proposal 2: Urban Macro and 2-layer Scenario B should be considered for SBFD Deployment Case 2.
Proposal 3: Urban Macro should be considered for SBFD Deployment Case 3-1.
Proposal 4: Further discussion on subband configuration in deployment case 4 is needed and subband configuration with {DU} pattern should be taken into account.
Proposal 5: For 2-layer Scenario B, choose one sub-scenario among InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH for indoor factory.
Proposal 6: For 2-layer Scenario B, UL/DL arrival rate is selected for each layer independently so that each layer using legacy static TDD {DDDSU} for layer1 and {DSUUU} for layer 2 achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).
Proposal 7: Calibration for 2-layer Scenario B is needed.
Proposal 8: Confirm the penetration loss for UE-UE link when UEs in different cluster in Urban Macro and Dense Urban Macro Layer scenarios. 
Proposal 9: Confirm the shadow fading for UE-UE link when UEs in different cluster in Urban Macro and Dense Urban Macro Layer scenarios.
Proposal 10: For channel modelling of Indoor scenario, open office model in Table 7.4.2-1 of TR38.901 should be used to calculate LOS probability.
Proposal 11: For large-scale channel parameters of gNB-gNB channel model in Uma, the formula to get C(d2D, hUT) should include the case of hUT=25m.
Proposal 12: For large-scale channel parameters of UE-UE channel model in Dense urban and Urban macro, update the range of d2D in the formula for pathloss is needed.
Proposal 13: In SLS, transmission power in DL RB m can be used to calculate  instead of in inter-site gNB-gNB co-channel inter-subband CLI modelling.
Proposal 14: The detail of adjacent blocker for FR2-1 should be further discussed.
Proposal 15: Similar definition of ICS for UE as that of gNB should be used for the Rx model of UE-UE CLI modelling.
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	Parameters
	Value

	Scenario
	Urban Macro

	Layout
	Single layer - Macro layer: Hex. Grid
7 sites, 21cells

	Dmacro-to-cluster
	60 m

	Dinter-cluster
	 50 m

	R
	25 m

	M
	20 per direction

	X
	2 UE clustering per macro TRxP

	Inter-BS distance
	500 m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	53 dBm for 100MHz

	UE Tx power
	23 dBm for 100MHz

	BS antenna height
	25m

	Indoor height
	1.5m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]

	Minimum UE-UE (2D) distance
	1 m

	BS antenna configuration
	· SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
 = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	UE antenna configuration
	· 2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
· 4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

	BS receiver noise figure
	5dB for 4GHz

	UE receiver noise figure
	9 dB for 4GHz



	Parameters
	Value

	Scenario
	Indoor FR1

	Layout
	12 TRPs per 120m x 50m x 3m

	Inter-BS distance
	20 m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm for 100MHz

	UE Tx power
	23 dBm for 100MHz

	BS antenna height
	3m

	Indoor height
	1.5m

	Minimum BS-UE (2D) distance
	0m 

	Minimum UE-UE (2D) distance
	1 m

	BS antenna configuration
	· SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: = (4,4,2,1,1).
· Number of TxRUs: same as legacy TDD
= (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	UE antenna configuration
	· 2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
· 4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

	BS receiver noise figure
	5dB for 4GHz

	UE receiver noise figure
	9 dB for 4GHz



	Parameters
	Value

	Scenario
	Indoor FR2-1

	Layout
	12 TRPs per 120m x 50m x 3m

	Inter-BS distance
	20 m

	Carrier frequency
	30GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	23 dBm for 100MHz

	UE Tx power
	23 dBm for 100MHz

	BS antenna height
	3m

	Indoor height
	1.5m

	Minimum BS-UE (2D) distance
	0 m 

	Minimum UE-UE (2D) distance
	1 m

	BS antenna configuration
	· SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: = (16,8,2,1,1).
· Number of TxRUs: same as legacy TDD
= (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
Zenith angle θj = {pi/4, 3*pi/4}

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	UE antenna configuration
	· 4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1); (dH,dV) = (0.5,0.5)λ,(dg,V,dg,H) = (0, 0)λ, 0°/90° polarization; Θmg,ng=90°; Ω0,1=Ω0,0+180°
· Note: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng, where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

	Beam set at UE
(Constraints for the range of selective analog beams per UE)
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
Zenith angle θj = {pi/4, 3*pi/4};

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	BS receiver noise figure
	5dB for 4GHz

	UE receiver noise figure
	9 dB for 4GHz
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