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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]. A LS about interference modelling was sent to RAN4 in RAN1#109e and a relay was given in RAN4#104e.
In the following sections, we discuss the detail of evaluation on duplex enhancement, including deployment scenarios, interference modelling, evaluation metrics and assumptions. Preliminary calibration results are also proposed.  
Deployment scenarios
SBFD case
General
Four deployment cases for SBFD were specified in RAN1#109e listed in Table 1. Considering the workload, deployments case2 and case 3-1 are deprioritized and Rural scenario and FR2-2 are not considered in Rel-18 which reached agreement in RAN1#110. Simulation parameters of case 4 with specific focus on different power levels and load levels will be discussed in this meeting.
	Conclusion
· For SLS of NR duplex evolution, Rural scenario is not considered in Rel-18.
· For NR duplex evolution evaluation, FR2-2 is not considered in Rel-18.

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.

Agreement
RAN1 strives to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.


[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-layer (low priority)

	
	2-layer

	Case 4
	FR1
	Urban macro

	
	FR2-1
	Dense Urban macro


For Case 4, evaluations on Urban Macro of FR1 and Dense Urban macro of FR2-1 were agreed. Different power levels between two operators for this two scenarios should be defined. In order to see the impact of different transmit power, maximum and minimum BS transmit power should be adopted in the evaluations.
Proposal 1: Maximum and minimum BS transmit power in Table 2 should be considered in evaluation of Case 4.
[bookmark: _Ref115078044]Table 2: BS transmit power for Case 4
	
	FR1
	FR2-1

	Urban macro
	· Max: [53/56] dBm for 100MHz
· Min: [45] dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	N.A.

	Dense Urban Macro layer
	N.A.
	· Max: [43] dBm for 200MHz [refer to TR 38.828 Table 5.2.2.4-1]
· Min: [40] dBm for 200MHz. EIRP should not exceed 73 dBm. [refer to TR 38.802 Table A.2.1-1]



Agreement for Dense Urban with 2-layer for FR1 was approved in last meeting, minimum distances between Macro TRP and Micro TRP center and minimum distance between Micro TRP centers were also defined according to TR38.802[4]. Assuming ISD of 200m of Macro cells and minimum distance between Macro TRP and Micro TRP Dmacro-to-micro-center = [105 m], 3 Micro TRPs can only be dropped in the green area of Figure 1. But the maximum distance of the green area is much less than the minimum distances of two Micro TRP which makes it impossible to randomly drop 3 Micro TRPs in one Macro cell. Tracking back to the reference parameters in Table A.2.2-11 of TR38.802, inter-BS distance of Macro-to-micro is defined according to TR36.897[5]. But in TR36.897, the ISD of Macro cell is 500m, so the distance in TR38.802 should be scaled equally as Dmacro-to-micro = [42m](=200/500*105m). So the Dmacro-to-micro-center = [42 m] should be adopted in Dense Urban with 2-layer for FR1 in R18 duplex evaluation.
	Agreement
For Dense Urban with 2-layer for FR1, consider micro cell TRPs are deployed as following 
· Step 1: Randomly drop [3] micro TRP centers within one macro cell geographical area considering the minimum distance between micro TRP centers (Dinter-micro-center) and the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center).
· Step 2: Randomly deploy one micro TRP on the area circle around each micro TRP center with the radius of half of Dinter-micro-center 
· Step 3: Determine the horizontal angle of the micro TRPs with the planer facing to the micro TRP center.
· Dinter-micro-center =[57.9 m], Dmacro-to-micro-center = [105 m]







[bookmark: _Ref115077928]Figure 1: Layout of Dense Urban scenario
Proposal 2: For Dense Urban with 2-layer for FR1, the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center) should be 42m instead of 105m. 
For UE distribution of Urban Macro and Dense Urban Macro layer, there are some parameters left FFS. According to TR38.802, 60 users per direction per macro TRP, 3 UE cluster centers as baseline with one macro cell geographical area can be adopted. The distances can be set as follow Dmacro-to-cluster =[105m], Dinter-cluster =[114.8 m] (=500 / 200 * 57.9), R = [72.3 m] (= 500 / 200 * 28.9m).
Proposal 3: For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per direction 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%
· M=60, X =3, Dmacro-to-cluster =105m, Dinter-cluster= 114.8m, R =72.3m
· 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
Details on evaluation assumptions and deployment layouts also reached consensus. In deployment layouts, the minimum distance between UEs still didn’t reach an agreement. In order to keep the same reference of those three scenarios, 3m can be adopted according to evaluation parameters specific to flexible duplex in TR38.802.
Proposal 4: Minimum distance between UEs in different scenarios can be set to 3m as working assumption for duplex evaluation.
Table 3: Minimum UE-UE distance for different scenarios
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Minimum UE-UE (2D) distance
	3m [TR 38.802 Table A.2.1-11]




Dynamic TDD case
General
Evaluation scenarios of dynamic/flexible TDD were discussed in RAN1#109e, but no consensus was reached. All companies agreed with the cases for dynamic/flexible TDD and the controversy focused on the priority of adjacent channel coexistence case between dynamic/flexible TDD and legacy TDD. Adjacent-channel coexistence cases for dynamic TDD in indoor-indoor, macro-macro and indoor-macro scenarios were studied in Rel-16. But some companies thought the assumptions like 100% grid shift was too optimistic and doubted about the validity of those cases.
Proposal 5: In dynamic/flexible TDD, repeated adjacent channel co-existence study should be avoid unless significant parameters changes.
In the discussion of RAN1#110, Hetnet scenarios was defined as Urban Macro and Indoor office/factory and also be set as an optional scenario. It is more suitable to set Hetnet as Urban Macro and Indoor office, because there are several different types of Indoor factory in TR38.901 and it will cost more time to define the parameters. For dynamic/flexible TDD, we think Hetnet scenarios is a valuable deployment and should not be set as an optional case.
Proposal 6: Hetnet scenarios should not be set as an optional case and Hetnet with Urban Macro and Indoor office should be used in evaluation.
All cases in proposal in 3rd round for dynamic/flexible TDD in RAN1#110 are listed in Table 4. Since Urban Macro was studied and recommended not to be used in R16 TR38.828[6], repeated work should be avoid, Urban Macro scenario should be removed in R18 duplex evolution.
[bookmark: _Ref110200691]Table 4: Evaluation scenario cases for dynamic/flexible TDD
	Deployments scenarios

	FR1
	Indoor office dynamic

	
	Hetnet
(optional)
	gNB static/Indoor static

	
	
	gNB static/Indoor dynamic

	
	Optional
	Urban macro dynamic

	
	
	Dense urban 2 layer
	Micro static

	
	
	
	Micro dynamic

	FR2
	Indoor dynamic

	
	Dense urban macro dynamic


Proposal 7: For evaluation of dynamic/flexible TDD for the single operator case, following scenario should be removed 
•	(Optional) Urban Macro with dynamic TDD UL/DL assignment
Indoor hotspot, dense urban and urban macro were studied in R15 flexible duplexing[4]. We will discuss the Hetnet scenarios with urban macro and indoor office in the next section which was not covered in Rel-15. 
Urban Macro and Indoor office
In Figure 2, 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. 
[image: ]
[bookmark: _Ref110241902]Figure 2: Macro and indoor office scenarios with different UL-DL TDD configuration
Macro-indoor scenarios was mentioned in TR38.828, but the simulation assumption is not comprehensive. There was a proposal in RAN1#110 but postponed since no agreement of dynamic/flexible TDD was achieved. Orientation of the building should be considered and according to the orientation of buildings is almost the same in the reality, some tiny updated in the proposal are shown below.
Proposal 8: For HetNet with Urban Macro and Indoor office, consider the following topology
· Macro layer: Hexagonal grid, 7 micro sites, 3 sectors per site, ISD=500m
· Indoor layer: 
· One building randomly dropped and horizon placed per macro cell 
· Layout for each building: Indoor with single floor ([3] BSs per 120m x 50m) 
· The minimum distance between Macro to indoor office center: [100 m] 
· UE distribution: Y% UEs are randomly and uniformly dropped within the building, and (1-Y%) UEs are randomly and uniformly dropped outside the building and throughout the macro geographical area, and N users per macro geographical area.
· Note: UEs dropped within the building are indoor with 3km/h; UEs dropped outside the building are outdoor in car with 30km/h 
· Y%=[80%], N=[10] per direction
In RAN1#110, agreement about evaluation assumptions for SBFD and dynamic/flexible TDD were achieved, UE attachment is based on the RSRP from port0 shown as below. But in TR 37.910, only 1-layer scenarios were taken into account. For Hetnet scenario, some UEs are dropped within the building and the other UEs are outside the building. If an outside UE near the building accesses to indoor gNB according to port0 RSRP, server UE-to-UE CLI will occur between this UE and the Macro UEs around this UE without penetration loss. In order to avoid this kind of CLI, assumption that indoor UEs can only access to indoor gNBs and outside UEs can only access to Macro gNBs can be used.
	Agreement
For evaluation of SBFD and dynamic/flexible TDD, adopt the following evaluation assumptions.
	
	FR1
	FR2-1

	UE attachment
	Based on RSRP from port 0 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels. 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]





Proposal 9: For HetNet with Urban Macro and Indoor, indoor/outdoor UE can only select indoor/macro cell as serving cell.
Other scenarios 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 10: In dynamic/flexible TDD, calibration for Hetnet scenario is needed.
Evaluation metrics
	Agreement
Two types of RU (Resource utilization) are defined for SBFD evaluation.
· Type-1 RU: DL/UL Type-1 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time.
· Type-2 RU (Follow TR 36.814): DL/UL Type-2 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of RBs per cell available for traffic for the given link direction over observation time
· Note: In case of MU-MIMO, one RB allocated to N users within a cell is only counted as used once.
· Companies are to submit results for both RU definitions
· FFS: RU definition for dynamic TDD evaluations


Two types of RU definition were agreed in the last meeting. The RU definition for dynamic TDD evaluations needs further study. In dynamic/flexible TDD, TDD slot configuration is used which means the total number of all the RBs per cell in Type-1 RU equals to total number of RBs per cell available for traffic for the given link direction in Type-2 RU. So the result of Type-1 RU is the same as that of Type-2 RU for dynamic TDD. To make consistent with the definition of RU before, Type-2 RU can be adopted for dynamic/flexible TDD.
Proposal 11: Type-2 RU definition can be used for dynamic TDD evaluations.
Since new CLI modelling will be introduced to duplex evaluation, calibration for SBFD should be done for performance alignment among companies. For dynamic/flexible TDD, gNB-gNB channel modelling and UE-UE channel modelling are different compared with channel modelling before. So calibration for SBFD and dynamic/flexible TDD are needed for duplex evaluation. 
Proposal 12: Calibration on SBFD and dynamic/flexible TDD should be performed.
In duplex evolution, CLI is the essential uncertainty for the enhancement of performance. In most of the cases, large scale fading plays a dominant role in channel model of both gNB-gNB and UE-UE. Considering the low transmit power of UE, the impact of small scale fading in UE-UE channel is less significant in calibration compared to the increased complexity introduced by every UE-UE. Considering the baseline layout of Urban macro with 7 macro sites and 3 sectors per site with wrap around and 10 UEs per macro site, the size of UE-UE channel will be 210x210.
Proposal 13: Large scale fading and small scale fading should be taken into consider for gNB-gNB channel model and only large scale fading should be considered in UE-UE channel model in SLS calibration.
Energy consumption was first proposed by several operators as a metric for duplex evaluation but was not fully discussed in last meeting because of the lack of time. We agree with the operators that energy consumption is an important metric for duplex evaluation, but the feasibility in SLS needs further discussion. Considering it may be hard to get those detail values of power consumption in duple SLS, we are open to put this metric in duplex or in R18 network Energy saving.
Proposal 14: Energy consumption should be taken into account in duplex evolution or in R18 network energy saving.
Simulation assumptions
Interference modelling
This section will discuss the interference modelling for SBFD, including gNB self-interference, co-channel inter-subband CLI, and adjacent-channel CLI. According to the LS sent to RAN4 [7] and the reply of RAN4 [8], we have the following discussion.
gNB self-interference modelling
In RAN1#109-e, the ratio of self-interference (RSI), which is defined as the ratio of the total power transmitted by gNB across all Tx chains on a frequency unit m in a SBFD carrier to the residual self-interference received by the same gNB on a different frequency unit n in the same SBFD carrier, was introduced for modelling the overall self-interference suppression capability of gNB. In the reply LS of RAN4, the requirement RSI is confirmed and at least could be scaled to sub-band level, and the preliminary RSIC value range is also given as shown in the following table. Hence, RAN1 can adopt the value range in Table 5 for evaluating the gNB self-interference as the starting point.
[bookmark: _Ref115334445]Table 5: value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc

	NOTE1: Other isolation schemes could be discussed further.
NOTE 2: Both transmitter leakage to the RX sub-band and interference arising from receiver imperfections need to be considered. Receiver imperfections may reduce the RSIC to be lower than the RSIC considering transmitter leakage alone. RAN4 will assess impact of Rx impairments on the RSIC capability. But the RSIC model can potentially be simplified to address impact from both aspects together. 


Besides, the aspects identified by RAN1, including receiver imperfections, blocking, AGC, gNB antenna architecture, and the beam, all contribute to the RSI model, but the detailed impacts need RAN4 further study. Therefore, RAN1 does not need to consider these aspects for modelling gNB self-interference until the final results are achieved by RAN4.
Observation 1: The value range of RSIC given by RAN4 LS will be used for gNB self-interference model and the granularity is sub-band. The impacts of receiver imperfections, blocking, AGC, gNB antenna architecture, and the beam will be further evaluated in the self-interference model after the evaluation results obtained from RAN4.
Co-channel inter-subband CLI modelling
For gNB-gNB co-channel inter-subband CLI, different models are used to evaluate the CLI in co-site and inter-site scenarios. Considering the distance between gNBs in the co-site scenario is relatively small, a similar model as for self-interference (RSI) can be applied but may be with different parameters. Unlike the co-site scenario, the distance between gNBs is larger in the inter-site scenario, and then the transmitter leakage and receiver impairment model should be considered separately. Based on the preliminary study in RAN4, the existing requirements ALCR and ACS could be candidate requirements for modeling CLI of inter-site scenario. In addition, the RSI is at least a sub-band level requirement, and ACLR and ACS are channel level requirements. Hence, the granularity of the gNB-gNB inter-subband CLI model should be at least the sub-band, if the size of the sub-band can be configured as equal to a channel.
Proposal 15: The RSI-like model and ACLR and ACS models are adopted for modeling gNB-gNB co-channel inter-subband CLI in the co-site scenario and inter-site scenario, respectively. The granularity of the gNB-gNB inter-subband CLI model should be at least the sub-band.
For UE-UE co-channel inter-subband CLI, RAN4 suggests modeling the transmitter leakage with in-band emission and at least considering the maximum input power for modeling the receiver impairment. Since there is no clear conclusion of the requirement for modeling the receiver selectivity in RAN4, we suggest only considering the maximum input power for evaluating the receiver impairment in the current phase before further study results are achieved in RAN4.
Proposal 16: For UE-UE co-channel inter-subband CLI, the in-band emission and the maximum input power are considered for modeling the transmitter leakage and receiver impairment, respectively, before further study results are achieved in RAN4.
Adjacent-channel CLI modelling
According to the LS from RAN4, the ACLR based model on TX and ACS based model on RX are agreed for modelling the inter-site gNB-gNB adjacent channel CLI and UE-UE adjacent channel CLI. Considering the gNB types, i.e., SBFD capable gNB and legacy gNB, two alternatives were proposed by RAN4 for modelling the co-site gNB-gNB adjacent-channel CLI, i.e.,
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to reduce co-site adjacent channel interference (i.e. ACLR from the SBFD gNB towards the victim or ACS impact from the aggressor towards the SBFD gNB)
· Alternative 2: similar modelling as for self-interference (RSI) can be applied but may with different parameters especially on antenna isolation and required overall isolation if both gNBs with SBFD capability
Since there is no further down selection by RAN4 for the above two alternatives and Alternative 1 can be applied to any co-site scenarios with different kinds of gNB types, we suggest modelling the adjacent-channel CLI for both gNB-gNB and UE-UE scenarios with ALCR and ACS based model.
Proposal 17: For gNB-gNB and UE-UE adjacent-channel CLI modelling, ACLR and ACS based models could be the starting point for evaluating the adjacent-channel CLI.

Traffic model
	Agreement
Adopt the following table for traffic model of FTP model 3 for scenarios in deployment case 1 for SBFD.
	
	Indoor office (FR1&FR2)
	Urban Macro (FR1)
	Dense Urban Macro layer (FR1&FR2)
	Dense Urban Micro layer (FR2)
	Dense Urban with 2-layer (FR1)

	General
	UL and DL are simulated simultaneously. Companies to report which option is used.
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· assume the same number of UEs for UL and DL, FFS the total number of UEs
· FFS how to handle the UE clustering case
· Option 2: Each UE is assigned both UL traffic and DL traffic.





One leftover problem for traffic model is the number of UEs when each UE is either assigned with UL traffic or DL traffic. In the agreement of UE distribution of Urban Macro and Dense Urban Macro layer, for the optional UE distribution, 10 users per macro TRP (per direction) was assumed. The same method can be used here, number of UEs per direction can be set for each scenarios.
Proposal 18: Number of UEs per direction can be set for each scenarios for UE distribution.
SBFD configuration
The BS transmit power for legacy TDD was agreed in the last meeting to be defined in the whole bandwidth.
	Agreement
For evaluation of SBFD and dynamic/flexible TDD, the following BS transmit power for legacy TDD are considered. These values are for the single operator case.
	
	FR1
	FR2-1

	Urban macro
	· Option 1: [53] dBm for 100MHz
· Option 2: [49] dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	N.A.

	Dense Urban Macro layer
	· Option 1: [53] dBm for 100MHz
· Option 3: [44] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: [43] dBm for 200MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	· Option 3: [40] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 2: [33] dBm for 200MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	Indoor hotspot
	· Option 2: [24] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: [23] dBm for 200MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]





But in SBFD, BS transmit signal with whole bandwidth in downlink only slot but with a reduced bandwidth in SBFD slot. Two options were proposed in the previous contributions. One option is that the same transmit power spectrum density with that in legacy TDD should be used. The other option is that transmit power spectrum density in SBFD should be boosted to keep the same transmit power with legacy TDD. The BS transmit power density boosting will have some effect in the dynamic range of UE. Half duplex is assumed in UE side and no impact should be involved for UE due to duplex evolution. In addition, the same power density makes less changes in BS side.  
Proposal 19: BS transmit power spectrum density in SBFD should keep the same value with that in legacy TDD.
A proposal about the size of UL subband and gurdband for SBFD configuration was given in last meeting. The main three options for FR1 with 100MHz channel bandwidth and 30kHz SCS (273 PRB) are listed below:
· Opt1: < ND, NU, NG > = <104, 55, 5>
· Opt 2: < ND, NU, NG > = <102, 56, 6> 
· Opt 3: < ND, NU, NG > = <106, 51, 5>
Proposal 20: UL subband size and guardband size should follow the guidance of RAN4, but at the first stage it can be down-selected from those three options.
Calibration result
We suggest to perform calibrations on SBFD cases and Hetnet scenario for dynamic TDD cases firstly. The preliminary calibration results for SBFD Urban Macro on wideband SINR for DL and UL are provided.
Result for SBFD case 1
In the legacy TDD case, only legacy interference is considered while in SBFD case 1, SIR/ISIR with a coarser granularity like ACIR are considered in addition to legacy interference shown in Table 6. 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 are summarized in Appendix 8. Large-scale and fast fading parameters are taken into account in gNB-gNB and UE-UE channel model. 
[bookmark: _Ref110242161]Table 6: Assumptions on interference ratios for calibration
	parameter
	value

	ISR
	Opt 1: 105dB
Opt 2: 130dB

	gNB- gNB ISIR
	43dB

	UE- UE ISIR
	28dB


For UE distribution of Urban Macro, UE clustering is adopted shown in Figure 3. 3 UE clusters are dropped in one macro TRP with minimum distance 105m between macro TRP and cluster center. The minimum distance between UE cluster centers is 114.8m and the radius of UE cluster is 72.3m. Each UE is either assigned with UL traffic or DL traffic, the number of UEs per direction is set to 10, 20 and 60 in one cell.
The CDF of signal power, legacy interference and SBFD interference power with 10/20/60 UEs in downlink are shown in Figure 4. The SBFD interference is caused by UE uplink transmission to UE receive in different subbands. The more the number of UEs, the greater the interference signal power. But even 60 users per macro cell, the SBFD interference is still 10dB less than legacy interference.
[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 2: The power of SBFD interference is much less than that of legacy interference in downlink.
[image: ]
[bookmark: _Ref115430024]Figure 5: CDF of downlink SINR

The downlink SINR of legacy TDD and SBFD with different number of UEs are depicted in Figure 5. The SINR of SBFD is almost the same as legacy TDD’s for the power of UE-UE CLI is much less than that of legacy interference. Even with 60 users in one macro, SINR degradation is still negligible in SBFD.
Observation 3: Downlink performance degradation of SBFD in Urban Macro with UE clustering is negligible compared with legacy TDD.
[image: ]
[bookmark: _Ref115430372]Figure 6: CDF of uplink signal and interference power
The CDF of signal power, legacy interference and SBFD interference power with 10/20 UEs in uplink are shown in Figure 6. The SBFD interference is caused by gNB downlink transmission to gNB receiver in different subbands. In SBFD, gNB also suffers legacy interference caused by UEs and the legacy interference power is the average of all uplink UE’s power in one cell which makes not much difference with different number of UEs. Because of the high power of gNB, the power of SBFD interference is about 9dB larger than that of legacy interference.
Observation 4: The power of SBFD interference is much larger than that of legacy interference in uplink.
[image: ]
[bookmark: _Ref115430863]Figure 7: CDF of uplink SINR
The uplink SINR of legacy TDD and SBFD with different number of UEs are shown in Figure 7. The SINR of SBFD is about 10dB less than that of legacy TDD because of the effect of gNB-gNB CLI. 
Observation 5: Uplink performance degradation caused by gNB-gNB CLI is observed for Urban Macro with UE clustering scenarios.
Conclusion
In this contribution, we presented some considerations for the deployment scenarios, evaluation assumptions and methodology on duplex enhancement, and have the following observations and proposals:
Observation 1: The value range of RSIC given by RAN4 LS will be used for gNB self-interference model and the granularity is sub-band. The impacts of receiver imperfections, blocking, AGC, gNB antenna architecture, and beam will be further evaluated in the self-interference model after the evaluation results obtained from RAN4.
Observation 2: The power of SBFD interference is much less than that of legacy interference in downlink.
Observation 3: Downlink performance degradation of SBFD in Urban Macro with UE clustering is negligible compared with legacy TDD.
Observation 4: The power of SBFD interference is much larger than that of legacy interference in uplink.
Observation 5: Uplink performance degradation caused by gNB-gNB CLI is observed for Urban Macro with UE clustering scenarios.
Proposal 1: Maximum and minimum BS transmit power in Table 2 should be considered in evaluation of Case 4.
Proposal 2: For Dense Urban with 2-layer for FR1, the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center) should be 42m instead of 105m. 
Proposal 3: For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per direction 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%
· M=60, X =3, Dmacro-to-cluster =105m, Dinter-cluster= 114.8m, R =72.3m
· 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
Proposal 4: Minimum distance between UEs in different scenarios can be set to 3m as working assumption for duplex evaluation.
Proposal 5: In dynamic/flexible TDD, repeated adjacent channel co-existence study should be avoid unless significant parameters changes.
Proposal 6: Hetnet scenarios should not be set as an optional case and Hetnet with Urban Macro and Indoor office should be used in evaluation.
Proposal 7: For evaluation of dynamic/flexible TDD for the single operator case, following scenario should be removed 
•	(Optional) Urban Macro with dynamic TDD UL/DL assignment
Proposal 8: For HetNet with Urban Macro and Indoor office, consider the following topology
· Macro layer: Hexagonal grid, 7 micro sites, 3 sectors per site, ISD=500m
· Indoor layer: 
· One building randomly dropped and horizon placed per macro cell 
· Layout for each building: Indoor with single floor ([3] BSs per 120m x 50m) 
· The minimum distance between Macro to indoor office center: [100 m] 
· UE distribution: Y% UEs are randomly and uniformly dropped within the building, and (1-Y%) UEs are randomly and uniformly dropped outside the building and throughout the macro geographical area, and N users per macro geographical area.
· Note: UEs dropped within the building are indoor with 3km/h; UEs dropped outside the building are outdoor in car with 30km/h 
· Y%=[80%], N=[10] per direction
Proposal 9: For HetNet with Urban Macro and Indoor, indoor/outdoor UE can only select indoor/macro cell as serving cell.
Proposal 10: In dynamic/flexible TDD, calibration for Hetnet scenario is needed.
Proposal 11: Type-2 RU definition can be used for dynamic TDD evaluations.
Proposal 12: Calibration on SBFD and dynamic/flexible TDD should be performed.
Proposal 13: Large scale fading and small scale fading should be taken into consider for gNB-gNB channel model and only large scale fading should be considered in UE-UE channel model in SLS calibration.
Proposal 14: Energy consumption should be taken into account in duplex evolution or in R18 network energy saving.
Proposal 15: The RSI-like model and ACLR and ACS models are adopted for modeling gNB-gNB co-channel inter-subband CLI in the co-site scenario and inter-site scenario, respectively. The granularity of the gNB-gNB inter-subband CLI model should be at least the sub-band.
Proposal 16: For UE-UE co-channel inter-subband CLI, the in-band emission and the maximum input power are considered for modeling the transmitter leakage and receiver impairment, respectively, before further study results are achieved in RAN4.
Proposal 17: For gNB-gNB and UE-UE adjacent-channel CLI modelling, ACLR and ACS based models could be the starting point for evaluating the adjacent-channel CLI.
Proposal 18: Number of UEs per direction can be set for each scenarios for UE distribution.
Proposal 19: BS transmit power spectrum density in SBFD should keep the same value with that in legacy TDD.
Proposal 20: UL subband size and guardband size should follow the guidance of RAN4, but at the first stage it can be down-selected from those three options.
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[bookmark: _Ref115334921]Appendix
	Parameters
	Value

	Scenario
	Urban Macro

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

	Dmacro-to-cluster
	105m

	Dinter-cluster
	114.8 m

	R
	72.3 m

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	33dBm/MHz based on TR 38.830

	UE Tx power
	23dBm for 100MHz

	BS antenna configuration
	64 Tx/64 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 4, 8) ;
(dH, dV) = (0.5, 0.8)λ

	BS antenna height
	25m

	[bookmark: _GoBack]BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/4 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
 (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UE receiver noise figure
	9 dB for 4GHz

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

	Minimum UE-UE (2D) distance
	3m (TR36.843)
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