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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]. An LS [5] about interference modelling was first sent to RAN4 in RAN1#109e and a relay[6] was given in RAN4#104e. A new LS[7] about the detail of interference modelling was sent to RAN4 in RAN1#110bis-e.
In the following sections, we discuss the detail of evaluation on duplex enhancement, including deployment scenarios, interference modelling, calibration metrics and assumptions. Preliminary Urban Macro calibration results 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 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
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	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


Details of UE clustering distribution of Urban Macro and Dense Urban Macro layer of SBFD case1 reached agreement in RAN1#110bis-e. For the baseline, 20 UEs assigned with UL traffic and another 20 UEs assigned with DL traffic are dropped per Macro TRP (i.e., option 1 of traffic model). 80% UEs (16 UEs with UL traffic and 16 UEs with DL traffic) are randomly and uniformly dropped within 2 UE clusters with the radius of 25m. Meanwhile, 20% UEs (4 UEs with UL traffic and 4 UEs with DL traffic) randomly and uniformly dropped in the macro geographical area outside the clusters. In order to see the impact of CLI interference caused by near UEs which is the motivation of UE clustering, different number of UEs can be dropped in 2 UE clustering within one macro TRP. 
Proposal 1: Different number of UEs can be dropped in 2 UE clustering within one macro TRP.
	Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
· M users per macro TRP (per direction)
· If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M users per macro TRP, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
· If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M users per macro TRP.

Possible Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5


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
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


How to generate UEs with either UL traffic or DL traffic when UE clustering distribution is applied was discussed in RAN1#110bis-e. Majority thought that each UE is randomly assigned UL traffic or DL traffic, which has no dependency with whether it is located inside or outside the UE cluster. But a few companies wanted to make alignment with option2 of traffic model. In this case, the same number of UL UEs and DL UEs should be dropped in each cluster. In option1 of traffic model, DL and UL traffic are assigned to different UEs which will cause different interference. Considering the different UE distribution, the performance of those two option2 will not align even when 50% UL-UEs and 50% DL-UEs in each cluster is used. Thus, we think UE can be randomly assigned UL traffic or DL traffic regardless of its location.
Proposal 2: To generate UEs with either UL traffic or DL traffic when UE clustering distribution is applied, each UE is randomly assigned UL traffic or DL traffic, which has no dependency with whether it is located inside or outside the UE cluster.
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[8]. We will discuss the 2-layer scenario B (Hetnet scenarios with urban macro and indoor) in the next section which was not covered in Rel-15. 
2-layer scenario B
In Figure 1, 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 factory 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. 
[bookmark: _Ref110241902][image: ]Figure 1: Macro and indoor office scenarios with different UL-DL TDD configuration
2-layer scenario B is the baseline scenario not only for dynamic/flexible TDD but also for SBFD case 3-2. Some proposals about the layout of 2-layer scenario B were discussed but no consensus was reached. The main controversy was about the number of TRPs in indoor office and the speed of outdoor UEs. More interference can be observed with 12 TRPs per indoor office and outdoor UEs of 3km/h without car penetration loss. Applicable evaluation results will be given under those conditions. Also, in the agreement of case 3-2 and dynamic/flexible TDD, 2-layer scenario B was defined as HetNet with Urban Macro and Indoor office or Indoor factory. But only indoor office layout of layer 2 was discussed in RAN1#110bis-e. The layout of indoor factory should also be defined in the 2-layer scenario B. All in all, some tiny updates are needed based on proposal of RAN1#110bis-e shown as below.
Proposal 3: Regarding layout of 2-layer Scenario B (HetNet with Urban Macro and Indoor),
· Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office
· Option 1: 
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Option 2: 
· 100% Outdoor without car penetration loss: 3km/h
· Layer 2: Indoor office
· One building randomly dropped in the macro geographical area as in the figure below. The building has to be confined within one macro cell area.
· 12 TRPs per 120m x 50m
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building. Other parameters can refer to TR38.901 Table 7.2-2
· FFS: layout of indoor factory
· The minimum 2D distance between macro TRP and indoor/outdoor UE : 35m
· UE selected Macro cell or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office/indoor factory can select the Macro cell as serving cell, and the UE outside the indoor office/indoor factory can select the indoor TRP as serving cell
RU definition for dynamic TDD evaluations was first discussed in RAN1#110bis-e, but companies thought that RU was related to how to determine 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 4: 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 5: In dynamic/flexible TDD, calibration for Hetnet scenario is needed.
Calibration
	Agreement
RAN1 to conduct a SLS calibration for evaluation of SBFD operation.
· The calibration focuses on the following scenarios of SBFD deployment case 1
· FR1: Urban Macro
· FFS: Indoor office
· FR2: Dense Urban Macro layer
· Regarding metrics used for SLS calibration, consider the following:
· gNB-UE coupling loss
· Inter-gNB coupling loss
· Inter-UE coupling loss
· Optional: DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
· Optional: DL SINR in SBFD slots
· Optional: UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
· Optional: UL SINR in SBFD slots
· FFS: the detailed definitions of the metrics listed above
Agreement
For evaluation of SBFD and dynamic/flexible TDD, companies report the UE antenna configurations used in their simulations. The UE antenna configurations in the following can be considered for calibration purpose.
· FR1: 
· 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
· FR2-1: 
· 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].
Initial proposal 2-2-4:
Consider following for the definition of coupling loss ( from Tx antenna port p of transmitter A to Rx antenna port u of receiver B:
If both large scale fading and small scale fading are modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (1) which is based on formula (B.1-2) in TR 37.910.

If only large scale fading is modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (2).

           (3)
Where
·  () represents a complex weight vector used for virtualization of Tx antenna port p of transmitter , and  () represents a complex weight vector used for virtualization of Rx antenna port u of receiver .
· Formula (3) can be understood according to equation (7.5-29) in TR38.901.


Since new CLI modelling will be introduced to duplex evaluation, calibration for SBFD is going to be done among companies. Coupling loss was set as the calibration metric and an proposal about how to calculate coupling loss was also discussed but no consensus was reached in RAN1#110bis-e. Formula (1) in proposal 2-2-4 is based on formula (B.1-2) in TR 37.910 which is shown below as formula (1). This is the formula for RSRP calculation. In the formula, RSRP of transmit antenna port p is based on the average of U Rx antenna port. But in proposal 2-2-4, the coupling loss is based on specific Tx antenna p and Rx antenna port u. Considering the agreement about UE antenna configuration for calibration in RAN1#110bis-e, there was no virtualization for UE antenna configuration in FR1 which means UE receiving antenna is omnidirectional. It is more reasonable to get gNB-UE coupling loss of FR1 based the average of all UE Rx antenna ports shown as formula (2). And UE-UE coupling loss of FR1 should be based on the average of all Tx and Rx antenna ports shown as formula (3).

             (1)

                      (2)
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Proposal 6: gNB-UE and UE-UE coupling loss of FR1 should be based on the average of all UE Rx antenna ports.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 7: UE-UE coupling loss of FR1 should be based on the average of all Tx and Rx antenna ports.
For CDF of gNB-UE coupling loss, only the coupling losses between each UE and its serving cell which is the best beam pair are collected for CDF statistic (for FR1, best beam of gNB and average of beams of UE is used). But for gNB-gNB coupling loss, a method to select beam pairs of two gNBs should be given. Compared with randomly selected beam of each gNB, using average of each beam to calculate gNB-gNB coupling loss is a better way to avoid impact of insufficient simulation drops.
Proposal 8: gNB-gNB coupling loss should be calculated on the average of different beams.
For SBFD traffic model option 1, each UE is either assigned UL traffic or DL traffic. UL and DL UEs are dropped in the specific area. The transmission direction will affect the result of coupling loss. Taking gNB-UE coupling loss for example, there will be three alternatives to calculate gNB-UE coupling loss. The first way is only take gNB and DL UE to calculate coupling loss. The second way is to calculate coupling loss of all UEs. In alternative two, coupling loss of gNB and DL UEs is calculated as downlink transmission and coupling loss of UL UEs is calculated as uplink transmission. The last way is to take all UEs as DL UEs and calculate the coupling loss of gNB and all UEs. The same problem exists in calculation of gNB-gNB and UE-UE coupling loss.
Proposal 9: Whether to take transmission direction into account in calculation of coupling loss should be further studied.
BS antenna configuration for calibration purpose reached agreement in RAN1#110 and the detail of Urban Macro and Dense Urban Macro is shown below.
	Agreement
For evaluation of SBFD operation, it is up to companies to report the BS antenna configurations used in their simulations. The BS antenna configurations in the following table can be considered for calibration purpose.
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR1
	=
(8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ





For FR2-1, the BS antenna configuration for legacy TDD is (4,16,2,2,2; 1,1) which means there are 4 panel per TRxp and 2 TXRU per panel while the antenna configuration for SBFD is two panel group and (4,8,2,2,2) for each panel group. Since panel group in SBFD antenna configuration is placed in vertical direction, the antenna configuration of legacy and SBFD are shown below. We can see the shape of antenna elements and number of TXRU are different for those two configuration which is assumed to be the same in the agreement. So SBFD configuration can be changed to (4,16,2,1,2) to keep the same antenna elements shape and number of TXRU which is shown as (c) of Figure 2.


[bookmark: _Ref118364594]Figure 2: BS antenna configuration for FR2-1
Proposal 10: The BS antenna configurations for calibration purpose should be updated as below:
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,16,2,1,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ


Simulation assumptions
Interference modelling
In the last meeting, several interference models about self-interference and inter-site gNB-gNB co-channel inter-subband CLI were achieved and which have been also sent to RAN4 seeking confirmation. Before the reply received, the simulation in RAN1 should base on these interference models. For gNB-gNB adjacent-channel CLI, the similar models as gNB-gNB co-channel inter-subband CLI can be used at current stage. Regarding co-site gNB-gNB co-channel inter-subband CLI, considering the distance between gNBs in the co-site scenario is relatively small, a similar model as for self-interference (RSI) should be applied but with different parameters. For UE-UE co-channel inter-subband CLI in FR1, in-band emission requirement was confirmed for modeling the transmitter leakage in RAN4#104b-e, and the granularity is determined as 1 PRB. RAN1 can take this conclusion for modelling the transmitter leakage. Considering the details of the interference model used in RAN1 have to be further confirmed in RAN4, these models can be further studied in RAN1 after receiving the reply from RAN4.
Proposal 11: The interference models achieved in the previous meeting can be used for RAN1 simulation at the current stage and RAN1 can further discuss these interference models after receiving the reply from RAN4.
Channel model
In RAN1#110bis-e, UE-UE channel model is confirmed. Two options of UE-UE channel model based on TR38.802 (option 1) and TR38.901 (option 2) respectively reached agreement. UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 is taken as baseline. For indoor to indoor scenario of TR38.802, the formula used for pathloss calculation is irrelative to the carrier frequency that is to say in the formula the carrier frequency is fixed to 2GHz. The result of pathloss will be a gap of 6dB when 4GHz carrier frequency is used in duplex simulation. Another issue is about the consistence of O2I penetration loss of UE-UE for FR1 (Table A.2.1-13 in TR38.802) in option 1 and the O2I penetration loss of gNB-UE for FR1. The only way for this issue is to revise the O2I penetration loss of UE-UE for FR1from option 1 to option 2. Considering those issues, it is reasonable to take option 2 as baseline and used for calibration.
Proposal 12: For UE-UE channel model, reuse the UE-UE channel model based on TR 38.901 for both FR1 and FR2 as baseline, and other models are not precluded.
Calibration result
Calibration on SBFD cases is determined to be done in RAN1#110bis-e. The preliminary calibration results for SBFD Urban Macro on coupling loss are provided.
Result for Urban Macro
In the calibration, 100MHz bandwidth is selected for legacy TDD and 80MHz bandwidth for DL subband and 20MHz bandwidth for UL subband. No guardband is used in calibration. The same transmit power dense is used in legacy TDD and SBFD. The simulation parameters according to the agreement of RAN1#110 and RAN1#110bis-e are summarized in Appendix. Large-scale and fast fading parameters are taken into account in gNB-gNB and UE-UE channel model. 
For UE distribution of Urban Macro, UE clustering is adopted shown in Figure 3. 2 UE clusters are dropped in one macro TRP with minimum distance 60m between macro TRP and cluster center. The minimum distance between UE cluster centers is 50m and the radius of UE cluster is 25m. Each UE is either assigned with UL traffic or DL traffic, the number of UEs per direction is set to 20 in one cell. Two cases of UE distribution are performed in the simulation. For case 1, the same number of UL/DL UEs are dropped per UE clustering. For case 2, the number of UL/DL UEs are randomly dropped per UE clustering.
The CDF of gNB-UE coupling loss is shown in Figure 4 based on formula (2). The gNB beam (wA) is selected between two different gNB beams in coupling loss calculation to make maximizing receive power of the UE. And average of Rx antenna ports is used since there is no virtualization in UE antenna configuration. The number of gNB antenna elements per TxRU are the same between legacy TDD and SBFD, the same gNB beam can be selected in simulation. The results of legacy TDD and SBFD is aligned. Also, there is not much difference between case 1 and case 2 which means the number of UEs and the transmission direction of UEs in each cluster do not have much impact on gNB-UE coupling loss.
[image: ]
[bookmark: _Ref115427601]Figure 3: Layout of Urban Macro with UE clustering
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[bookmark: _Ref115428958]Figure 4: CDF of downlink signal and interference power
Observation 1: UE distribution and transmission direction in clusters do not have much impact on the CDF of coupling loss.
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[bookmark: _Ref115430024]Figure 5: CDF of downlink SINR
The CDF of UE-UE coupling loss is shown in Figure 5 based on formula (3). Because no virtualization is performed in UE antenna configuration in FR1, the coupling loss is calculated based on the average of Tx and Rx antenna ports. Moreover, half duplex is used for UE side, there is no difference between legacy TDD and SBFD. And for case 1 and case 2, the CDF curves of UE-UE coupling loss are exactly the same which means when UEs are randomly dropped in the clusters and SLS drops are sufficient. The UE-UE coupling loss will not change. The coupling loss of 80% UEs concentrated from -80dB to -60dB which is caused of short distance between UEs in clusters.
Observation 2: 80% UE-UE coupling loss concentrated in a narrow range (from -80dB to -60dB).
[image: ]
[bookmark: _Ref115430372]Figure 6: CDF of uplink signal and interference power
The CDF of gNB-gNB coupling loss is shown in Figure 6. The gNB-gNB coupling loss is based on the average of Tx/Rx different beams. No difference is observed between legacy TDD and SBFD. Considering the long distance between gNBs, the gNB-gNB coupling loss is much less than that of gNB-UE and UE-UE.
Observation 3: The gNB-gNB coupling loss is much less that of gNB-UE and UE-UE.
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:
Observation 1: UE distribution and transmission direction in clusters do not have much impact on the CDF of coupling loss.
Observation 2: 80% UE-UE coupling loss concentrated in a narrow range (from -80dB to -60dB).
Observation 3: The gNB-gNB coupling loss is much less that of gNB-UE and UE-UE.
Proposal 1: Different number of UEs can be dropped in 2 UE clustering within one macro TRP.
Proposal 2: To generate UEs with either UL traffic or DL traffic when UE clustering distribution is applied, each UE is randomly assigned UL traffic or DL traffic, which has no dependency with whether it is located inside or outside the UE cluster.
Proposal 3: Regarding layout of 2-layer Scenario B (HetNet with Urban Macro and Indoor),
· Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office
· Option 1: 
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Option 2: 
· 100% Outdoor without car penetration loss: 3km/h
· Layer 2: Indoor office
· One building randomly dropped in the macro geographical area as in the figure below. The building has to be confined within one macro cell area.
· 12 TRPs per 120m x 50m
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building. Other parameters can refer to TR38.901 Table 7.2-2
· FFS: layout of indoor factory
· The minimum 2D distance between macro TRP and indoor/outdoor UE : 35m
· UE selected Macro cell or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office/indoor factory can select the Macro cell as serving cell, and the UE outside the indoor office/indoor factory can select the indoor TRP as serving cell
Proposal 4: 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 5: In dynamic/flexible TDD, calibration for Hetnet scenario is needed.
Proposal 6: gNB-UE and UE-UE coupling loss of FR1 should be based on the average of all UE Rx antenna ports.
Proposal 7: UE-UE coupling loss of FR1 should be based on the average of all Tx and Rx antenna ports.
Proposal 8: gNB-gNB coupling loss should be calculated on the average of different beams.
Proposal 9: Whether to take transmission direction into account in calculation of coupling loss should be further studied.
Proposal 10: The BS antenna configurations for calibration purpose should be updated as below:
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,16,2,1,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ


Proposal 11: The interference models achieved in the previous meeting can be used for RAN1 simulation at the current stage and RAN1 can further discuss these interference models after receiving the reply from RAN4.
Proposal 12: For UE-UE channel model, reuse the UE-UE channel model based on TR 38.901 for both FR1 and FR2 as baseline, and other models are not precluded.
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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 configuration
	· Legacy TDD 
· (M,N,P,M_g,N_g;M_p,N_p )=(8,8,2,1,1;2,8) 
· (d_H,d_V ) = (0.5, 0.8)λ,  +45°/-45° polarization
· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: 32 
 = (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 = {5*pi/8, 7*pi/8}

	BS antenna height
	25m

	BS receiver noise figure
	5dB for 4GHz

	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

	UE receiver noise figure
	9 dB for 4GHz

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

	Minimum UE-UE (2D) distance
	1 m
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