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1. [bookmark: _Ref521334010]Introduction
During RAN1#110 meeting, evaluation scenarios, methodologies and assumptions on NR duplex evolution were discussed and many consensuses were reached on this topic [1]. 
In this contribution, views on remaining issues for deployment scenarios, evaluation methodologies and evaluation assumptions are further provided. And initial SLS results are also shared. 
2. Discussion
1 
2 
1. 
2. 
2.1. Deployment scenarios
2.1.1. Dynamic/flexible TDD
In last meeting, deployment scenario for dynamic/flexible TDD was extensively discussed [2]. However, no consensus was achieved. Further analyses and views are provided in this section.
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[bookmark: _Ref111218638]Figure 1: Layout for indoor office
Considering the fact that lower transmission power at gNB side will alleviate gNB-to-gNB CLI impact, indoor office scenario as depicted in Figure 1 is proposed to be included for flexible/dynamic TDD evaluation in FR1 (4 GHz) and FR2-1 (30 GHz). In addition, a heterogeneous deployment with macro layer and indoor in the same carrier as depicted in Figure 2 is another attractive scenario for dynamic/flexible TDD in FR1 (4 GHz). With respect to the TDD configuration of indoor gNB, the following two options were proposed in last meeting [2],  
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
Considering the intention of the evaluation is to evaluate the performance enhancement via enhanced CLI schemes compared to existing CLI solutions, scenario with simpler configuration, i.e. Option 1, is preferred. 
Proposal 1: The deployment scenarios for dynamic/flexible TDD evaluation in FR1 (4 GHz) at least include indoor office and heterogeneous deployment with Urban Macro and Indoor office.
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier
· Macro layer use DL dominant static TDD UL/DL configuration: {DDDSU}
· Indoor layer use UL dominant static TDD UL/DL configuration: {DSUUU}
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[bookmark: _Ref111216211]Figure 2: Heterogeneous deployment with macro and indoor
Compared to FR1, the network coverage will be reduced in FR2-1. Therefore, the ISD shall be decreased in FR2-1. If indoor is deployed as second layer of Dense Urban, the decreased distance between Macro and Indoor will lead significant gNB-gNB CLI. Therefore, HetNet might not be the typical deployment scenario. To reduce the work load of discussing the deployment scenario for dynamic/flexible TDD evaluation, the agreed SBFD scenarios in FR2-1 (30 GHz) can be resued. Thus the proposal of deployment scenarios for dynamic/flexible TDD evaluation in FR2-1 (30 GHz) is
Proposal 2: The deployment scenarios for dynamic/flexible TDD evaluation in FR2-1(30 GHz) include indoor office and Dense Urban Macro layer.
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment
2.2. Evaluation methodology
Remaining issues on test metric are discussed in this section, including RU definition, coverage and energy consumption.
· RU
	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 (Resource utilization) are agreed for SBFD evaluation while no consensus for dynamic TDD evaluations in last meeting. From our point of view, the definition similar to Type-1 RU for SBFD (without guard band) and/or Type-2 RU for SBFD can be used for dynamic TDD evaluations. 
Proposal 3: Adopt Type-1’ RU and/or Type-2 RU for dynamic TDD evaluations
· 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 and UL 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.
· Coverage 
	Agreement
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· [bookmark: _Hlk103784556]DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics



Coverage metric was agreed for SBFD and dynamic/flexible TDD evaluation with details FFS in RAN1#109-e. SLS based solution was proposed in [4]. Considering UE throughput does not only depend on path loss, but also depend on CLI and transmission schemes, UE throughput around one specific pathloss can be quite scattering. Thus it would be difficult to get a UE throughput vs. pathloss curve. From this point of view, SLS based solution is not preferred for coverage evaluation. Therefore the method (LLS+link budget analysis) used for R17 coverage enhancement can be adopted.  
Proposal 4: Use the methodology for R17 coverage enhancement (LLS + link budget analysis) for SBFD and dynamic/flexible TDD coverage evaluation. 
2.3. Evaluation assumptions 
2.3.1. SBFD
· UE clustering
	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


UE clustering was agreed as baseline UE distribution of Urban Macro and Dense Urban Macro layer in last meeting, while several parameters were not decided. 
With respect to the indoor UEs height, the value of 1.5m which is defined in 3D-InH in TS36.873 can be used. And the micro deployment defined in Dense Urban scenario in TS38.802 can be used as reference to design UE cluster deployment. So 3 UE clusters and 10 users per macro TRP can be adopted. The value Dmacro-to-micro, Dinter-micro and R of Dense Urban scenario in TS38.802 can be reused for Dmacro-to-cluster, Dinter-cluster and R of Dense Urban Macro layer for FR2-1 SBFD. And the corresponding parameters of Urban Macro for FR1 can be scaled up.
Proposal 5: Adopt the following parameters for UE clustering.
· Indoor UEs height:1.5m
· M=10 , X=3
· For Urban Macro for FR1: 
· Dmacro-to-cluster = 262.5 m (=500 / 200 * 105m) , Dinter-cluster = 144.8 m (=500 / 200 * 57.9), R = 72.3 m (= 500 / 200 * 28.9m)
· For Dense Urban Macro layer for FR2-1: 
· Dmacro-to-cluster = 105 m, Dinter-cluster = 57.9 m, R = 28.9 m
· Minimum UE-UE (2D) distance
	Working Assumption
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: According to previous agreement
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 105m 
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m 
[TR 38.802 Table A.2.1-11]

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

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]






Work assumptions on detailed parameters of deployment scenarios except of minimum UE-UE distance were achieved in last meeting. From our view, the work assumptions can be confirmed. The issue that was discussed in last meeting but without consensus achieved is the minimum UE-UE distance. Few companies proposed to use fix value regardless of scenarios while one company proposed no requirement on minimum distance between UEs (min distance is 0). Generally, there is some distance between two users in the practical scenario. Thus minimum UE-UE distance is needed. With respect to the value of minimum UE-UE distance, considering the practical distance between two users indoor is less that in outdoor, therefor different values for indoor and Urban macro /Dense Urban Macro layer are preferred. So the proposal is as follows.
Proposal 6: Confirm the work assumptions on deployment and adopt the following value for minimum UE-UE distance.
· Indoor office: 1~3m [TR 38.828 Table 5.2.1.1.2-1]
· Urban macro / Dense Urban Macro layer: 3m [TR 38.802 Table A.2.1-11]
· Deployment case 4 specific assumptions
	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.

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.

	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
· 1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
·  4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL

	UL arrival rate for legacy TDD
	· The UL arrival rate is selected to reach a target UL traffic load (RU).
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The UL arrival rate#1 of Macro cell and UL arrival rate#2 of Micro cell are selected to reach target UL traffic load (RU)#1 of Macro cell and target UL traffic load (RU)#2 of Micro cell, respectively
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	DL arrival rate for legacy TDD
	· The DL arrival rate is selected to reach a target DL traffic load (RU).
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The DL arrival rate#1 of Macro cell and DL arrival rate#2 of Micro cell are selected to reach target DL traffic load (RU)#1 of Macro cell and target DL traffic load (RU)#2 of Micro cell, respectively
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	Arrival rate for SBFD
	The UL and DL FTP packet arrival rate for SBFD are the same as legacy TDD.



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]






Two deployment scenarios were agreed in RAN1#109-e meeting. Except traffic model of FTP model 3 and SBFD frame structure, the remaining agreed simulation assumptions are applicable for other deployment cases.  From our point of view, the traffic model of FTP model 3 agreed for deployment case 1 covered low, medium and high traffic mode which addresses the focus on different traffic load agreed in RAN1#110 meeting. Therefore, FTP model 3 of deployment case 1 can be reused for case 4. 
Proposal 7: Reuse the agreed simulation assumptions which are applicable for other deployment cases and the detailed parameters of FTP model 3 of deployment case 1 for deployment case 4.
Based on the agreement on case 4 achieved in last meeting, the other focus is considering different power level. As the agreed BS transmit power in last meeting is applicable for other deployment cases and coveres different options, thus it can be reused.
Compared with no SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD, deployment with SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD will introduce gNB-gNB CLI and UE-UE CLI in the UL slots/symbols. Both of those two cases should be evaluated. 
With respect to ACIR, the parameters defined in Table 5.2.1.2-1 in TR38.828 can be used.
[bookmark: _Ref115428249][bookmark: _Ref115428221]Table 1  (Table 5.2.1.2-1: ACIR for FR1)
	Parameter
	Assumption/Value

	ACIR BS-BS
	43 dB

	ACIR BS-UE
	33 dB

	ACIR UE-BS
	30 dB

	ACIR UE-UE
	28 dB



Proposal 8: Adopt ACIR defined in Table 1 for case 4.
2.3.2. Dynamic/flexible TDD
For Rel-18 dynamic/flexible TDD, the evaluation should focus on the performance gain of new CLI handling schemes, and the baseline should be the existing CLI handling schemes. 
Proposal 9: Performance of dynamic/flexible TDD with existing CLI handling schemes is the baseline for comparison with new CLI handling schemes.
With respect to the detailed simulation assumptions, in order to reduce workload and compare the performance of dynamic TDD and SBFD, same simulation assumptions as that of SBFD are preferred if the deployment scenarios are identical. 
Proposal 10: For both FR1 and FR2-1, the simulation assumptions of Indoor office are the same as that of SBFD.
Proposal 11: For FR2-1, the simulation assumptions of Dense Urban Macro layer are the same as that of SBFD. 
Except for the agreed parameters common for SBFD and dynamic TDD, the remaining simulation assumptions for HetNet are listed in table 1.
Proposal 12: Adopt simulation assumptions in Table 2 for HetNet evaluation.
[bookmark: _Ref115429956][bookmark: _Ref111214406][bookmark: _Ref102048366]Table 2: simulation assumptions for HetNet in FR1
	Parameters
	HetNet

	Layout
	Two layer
Macro layer: Hex. Grid
Indoor: the number of Indoor per macro cell (drop randomly) = 1 and 12BSs per 120m x 50m[refer to indoor office for SBFD]   

	Inter-BS distance
	Macro-to-macro: 500m
The minimum distance between Macro to Indoor office center: 105 m
[refer to Dense Urban with 2-layer for SBFD]

	Minimum BS-UE (2D) distance
	Macro-to-UE:35m
  Indoor-to-UE: 10 m
[refer to Dense Urban with 2-layer for SBFD]

	Minimum UE-UE (2D) distance
	3m (38.802)

	Carrier frequency
	4GHz for FR1

	Channel model
	urban macro layer: same as that of SBFD
indoor office layer: same as that of SBFD 
macro-indoor: UMa with O2I in TR38.901

	BS antenna height
	25m for macro cells and 10m for indoor office
[refer to Dense Urban with 2-layer for SBFD]

	Traffic model
	Same as that of SBFD

	UE distribution
	[refer to Dense Urban with 2-layer for SBFD]
· 2/3 users randomly and uniformly dropped in indoor office, 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area.
· UE outdoor/indoor proportion: 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)


3. Initial SLS results
	· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.




In RAN1#109-e meeting, Alt 1 and Alt 4 were agreed as two of the four SBFD configurations alternatives. The initial simulation results of Alt 1 and Alt 4 for deployment Case 1 are given respectively in the following sections.

3.1. Simulation results of SBFD configuration Alt 1
3.1.1. Indoor office
[bookmark: _Ref115458315]Table 3: Latency and RU results for indoor office
	[bookmark: _Ref115363388]Feature
	DL latency (ms)
	UL latency (ms)

	
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)

	Low load
	Legacy TDD
	5.47
	9.02
	14.37
	9.48
	5.91
	7.39
	4.91
	6.32
	12.12
	7.32
	1.52
	7.63

	
	SBFD
	8.35
	11.11
	15.18
	11.49
	5.38
	8.04
	3.59
	5.96
	8.32
	6.11
	2.25
	6.82

	Medium  load
	Legacy TDD
	9.87
	15.18
	21.93
	15.5
	18.93
	23.66
	7.57
	10.81
	20.93
	11.95
	4.48
	22.38

	
	SBFD
	13.07
	17.51
	23.63
	17.84
	17.18
	25.64
	6.06
	9.05
	12.88
	9.22
	6.64
	20.15

	High  load
	Legacy TDD
	27.12
	38.6
	53.6
	39.68
	35.18
	43.98
	18.17
	32.68
	55.94
	34.83
	8.46
	42.3

	
	SBFD
	35.82
	44.52
	59.3
	45.85
	31.89
	47.61
	17.24
	23.28
	31.02
	23.83
	13.29
	40.28



 

Low load                                                                Median load                                                           High load

Low load                                                                            Median load                                                                      High load
[bookmark: _Ref115363442]Figure 3: Latency results for indoor office
As can be seen from Table 3 and Figure 3, compared to UL latency with the legacy TDD, it can be observed that, UL latency was reduced for SBFD at all three-system load conditions for indoor office at the cost of slightly increased DL latency.
Observation 1: For indoor office, compared to legacy TDD, SBFD with Alt 1 can significantly reduce the UL latency at the cost of slightly increased DL latency.

[bookmark: _Ref115363953]Table 4: UPT results for indoor office
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean

	Low load 
	Average-UPT
	Legacy TDD
	298.28
	424.03
	541.45
	426.06
	68.87
	124.25
	197.07
	123.73

	
	
	SBFD
	251.86
	353.12
	428.02
	346.69
	121.33
	161.56
	203.06
	162.56

	
	Tail-UPT
	Legacy TDD
	203.31
	295.02
	348.47
	291.77
	49.5
	79.37
	99.3
	81.63

	
	
	SBFD
	192.34
	260.96
	290.4
	254.49
	92.79
	128.49
	167.39
	130.4

	
	Median-UPT
	Legacy TDD
	281.43
	422.24
	531.73
	419.41
	74.17
	122.94
	181.83
	118.96

	
	
	SBFD
	238.48
	360.76
	422.09
	345.02
	122.67
	166.63
	193.33
	162.57

	Median load
	Average-UPT
	Legacy TDD
	194.22
	257.88
	327.28
	259.25
	56.66
	91.55
	122.46
	88.36

	
	
	SBFD
	177.88
	227.56
	273.43
	225.48
	84.43
	108.64
	135.04
	110.22

	
	Tail-UPT
	Legacy TDD
	134.62
	183.38
	229.7
	183.26
	30.28
	49.15
	65.24
	49.34

	
	
	SBFD
	127.03
	168.44
	189.72
	163.76
	49.08
	78.63
	89.41
	76.31

	
	Median-UPT
	Legacy TDD
	209.15
	260.92
	318.33
	261.45
	48.81
	92.72
	122.35
	85.71

	
	
	SBFD
	171.28
	224.19
	272.62
	223.11
	83.82
	110.26
	170.98
	114.45

	High load
	Average-UPT
	Legacy TDD
	77.49
	102.06
	118.49
	100.23
	17.69
	29.27
	42.01
	29.85

	
	
	SBFD
	69.6
	89.41
	105.63
	88.49
	26.63
	42.04
	52.34
	41.27

	
	Tail-UPT
	Legacy TDD
	63.19
	80.73
	93.74
	80.1
	11.7
	19.77
	22.08
	19.01

	
	
	SBFD
	55.58
	75.25
	88.16
	74.41
	18.66
	31.69
	36.14
	30.53

	
	Median-UPT
	Legacy TDD
	76.5
	102.25
	132.28
	100.65
	18.4
	28.56
	41.62
	29.82

	
	
	SBFD
	63.88
	87.8
	104.69
	86.71
	27.3
	42.43
	51.78
	41.76
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[bookmark: _Ref115458398]Figure 4: UPT results for indoor office
As can be seen from Table 4 and Figure 4,  SBFD demonstrate clearly better mean and cell-edge user throughput at all three-system load conditions for indoor office than the legacy TDD at the cost of slightly decreased DL mean and cell-edge user throughput, as the consequence of more UL resource allocation in SBFD.
Observation 2: For indoor office, compared to legacy TDD, SBFD with Alt 1 demonstrate clearly better UL mean and cell-edge user throughput at all three-system load conditions at the cost of slightly decreased DL mean and cell-edge user throughput.
3.1.2. Urban macro
[bookmark: _Ref115459180][bookmark: _Ref115364385]Table 5: Latency and RU results for Urban macro
	Feature
	DL latency (ms)
	UL latency (ms)

	
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)

	Low load
	Legacy TDD
	8.6
	13.6
	19.37
	13.89
	5.58
	6.97
	7.6
	10.34
	18.38
	11.1
	1.71
	8.72

	
	SBFD
	11.76
	15.6
	20.65
	15.87
	5.29
	8.03
	3.99
	7.94
	10.53
	7.94
	2.38
	7.22

	Medium  load
	Legacy TDD
	19.73
	24.48
	31.91
	24.96
	18.61
	23.27
	10.28
	17.42
	27.69
	17.37
	5.14
	25.69

	
	SBFD
	22.25
	26.49
	35.86
	27.46
	17.5
	26.13
	8.99
	12.59
	18.04
	13.04
	7.36
	22.31

	High  load
	Legacy TDD
	49.94
	59.42
	77.04
	60.75
	34.42
	43.03
	32.72
	42.93
	68.26
	45.58
	9.02
	45.12

	
	SBFD
	56.81
	70.53
	89.39
	71.57
	30.55
	45.61
	20.6
	27.14
	37.5
	28.07
	13.88
	42.07
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[bookmark: _Ref115459205]Figure 5: Latency results for Urban macro
As can be seen from Table 5 and Figure 5, when comparing UL latency with the legacy TDD, it can be observed that SBFD demonstrate significantly reduced UL latency at all three-system load conditions for urban macro at the cost of slightly increased DL latency.
Observation 3: For urban macro, compared to legacy TDD, SBFD with Alt 1 can significantly reduce the UL latency at the cost of slightly increased DL latency.
[bookmark: _Ref115459548]Table 6: UPT results for Urban macro
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean

	Low load 
	Average-UPT
	Legacy TDD
	236.81
	300.56
	348.46
	299.09
	44.14
	94.8
	128.73
	92.01

	
	
	SBFD
	210.83
	250.75
	306.41
	250.19
	82.39
	118.17
	153.26
	119.86

	
	Tail-UPT
	Legacy TDD
	164.4
	206.69
	275.92
	207.75
	27.83
	54.29
	66.24
	51.68

	
	
	SBFD
	164.02
	197.19
	234.35
	193.64
	60.39
	88.02
	120.45
	86.85

	
	Median-UPT
	Legacy TDD
	219.28
	296.7
	348.96
	293.49
	42.76
	91.69
	131.63
	88.23

	
	
	SBFD
	202.02
	250.75
	298.86
	250.26
	95.26
	116.72
	147.91
	118.55

	Median load
	Average-UPT
	Legacy TDD
	141.04
	178.75
	205.68
	176.31
	29.87
	58.1
	80.28
	56.7

	
	
	SBFD
	111.27
	140.35
	155.3
	139.2
	55.97
	71.93
	98.24
	73.27

	
	Tail-UPT
	Legacy TDD
	95.16
	128.42
	153.56
	126.25
	23.11
	39.12
	54.08
	39.37

	
	
	SBFD
	92.44
	113.7
	130.54
	112.67
	39.85
	54.69
	66.62
	54.8

	
	Median-UPT
	Legacy TDD
	137.24
	177.28
	207.79
	174.95
	31.26
	58.03
	70.74
	54.66

	
	
	SBFD
	101.9
	140.95
	164.55
	138.16
	52.65
	72.89
	89.45
	72.39

	High load
	Average-UPT
	Legacy TDD
	50.95
	66.42
	76.55
	65.12
	13.86
	23.39
	32.58
	23.41

	
	
	SBFD
	41.69
	55.46
	65.22
	54.91
	26.76
	36.26
	43.77
	36.26

	
	Tail-UPT
	Legacy TDD
	39.19
	51.88
	58.09
	50.47
	10.37
	14.87
	18.55
	14.9

	
	
	SBFD
	32.49
	45.3
	52.12
	44.2
	13.59
	26.81
	32.14
	26.12

	
	Median-UPT
	Legacy TDD
	50.15
	66.01
	75.99
	64.9
	14.51
	23.46
	32.31
	23.3

	
	
	SBFD
	44.97
	55.88
	65.27
	55.8
	21.63
	36.06
	45.01
	35.46
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[bookmark: _Ref115459559]Figure 6: UPT results for Urban macro
As can be seen from Table 6 and Figure 6,  SBFD demonstrate clearly better mean and cell-edge user throughput at all three-system load conditions for urban macro than the legacy TDD at the cost of slightly decreased DL mean and cell-edge user throughput, as the consequence of more UL resource allocation in SBFD. In ratio, improvement of UL performance is much more than the degradation of DL performance. 
Observation 4: For urban macro, compared to legacy TDD, SBFD with Alt 1 demonstrate clearly better UL mean and cell-edge user throughput at all three-system load conditions at the cost of slightly decreased DL mean and cell-edge user throughput.
3.2. Simulation results of SBFD configuration Alt 4
3.2.1. Indoor office
[bookmark: _Ref115460104][bookmark: _Ref115364915]Table 7: Latency and RU results for indoor office
	Feature
	DL latency (ms)
	UL latency (ms)

	
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)

	Low load
	Legacy TDD
	5.47
	9.02
	14.37
	9.48
	5.91
	7.39
	4.91
	6.32
	12.12
	7.32
	1.52
	7.63

	
	SBFD
	6.5
	9.19
	17.59
	10.13
	5.58
	6.97
	3.94
	6.12
	8.89
	6.29
	1.69
	8.43

	Medium  load
	Legacy TDD
	9.87
	15.18
	21.93
	15.5
	18.93
	23.66
	7.57
	10.81
	20.93
	11.95
	4.48
	22.38

	
	SBFD
	10.07
	14.74
	23.67
	15.61
	17.65
	22.07
	6.4
	10.41
	17.41
	10.79
	4.87
	24.35

	High  load
	Legacy TDD
	27.12
	38.6
	53.6
	39.68
	35.18
	43.98
	18.17
	32.68
	55.94
	34.83
	8.46
	42.3

	
	SBFD
	30.14
	40.32
	64.72
	42.75
	33.71
	42.14
	25.81
	37.14
	45.95
	36.93
	8.17
	40.87
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[bookmark: _Ref115460116]Figure 7: Latency results for indoor office
As can be seen from Table 7 and Figure 7, when comparing UL latency with the legacy TDD, it can be observed that SBFD demonstrate slightly reduced UL latency at all three-system load conditions for indoor office at the cost of slightly increased DL latency. In ratio, the magnitudes of improvement for UL performance and degradation for DL performance is similar.
Observation 5: For indoor office, compared to legacy TDD, SBFD with Alt 4 can reduce the UL latency at the cost of increased DL latency. In ratio, improvement of UL performance at both low load and medium load is much more than the degradation of DL performance, and the magnitudes of improvement for UL performance and degradation for DL performance at high load is similar.
[bookmark: _Ref115460220]Table 8: UPT results for indoor office
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean

	Low load 
	Average-UPT
	Legacy TDD
	298.28
	424.03
	541.45
	426.06
	68.87
	124.25
	197.07
	123.73

	
	
	SBFD
	255.33
	436.24
	540.62
	417.35
	112.6
	144.56
	181.73
	145.85

	
	Tail-UPT
	Legacy TDD
	203.31
	295.02
	348.47
	291.77
	49.5
	79.37
	99.3
	81.63

	
	
	SBFD
	157.33
	247.8
	293.37
	233.8
	81.29
	100.12
	117.24
	100.04

	
	Median-UPT
	Legacy TDD
	281.43
	422.24
	531.73
	419.41
	74.17
	122.94
	181.83
	118.96

	
	
	SBFD
	253.33
	415.56
	526.16
	405.91
	118.33
	156.03
	179.97
	155.85

	Median load
	Average-UPT
	Legacy TDD
	194.22
	257.88
	327.28
	259.25
	56.66
	91.55
	122.46
	88.36

	
	
	SBFD
	194.43
	249.41
	300.57
	245.78
	69.34
	100.01
	121.45
	99.05

	
	Tail-UPT
	Legacy TDD
	134.62
	183.38
	229.7
	183.26
	30.28
	49.15
	65.24
	49.34

	
	
	SBFD
	109.37
	173.2
	204.1
	165.1
	47.4
	59.66
	70.03
	59.68

	
	Median-UPT
	Legacy TDD
	209.15
	260.92
	318.33
	261.45
	48.81
	92.72
	122.35
	85.71

	
	
	SBFD
	200.51
	260.3
	331.05
	262
	73.72
	99.64
	123.18
	99.14

	High load
	Average-UPT
	Legacy TDD
	77.49
	102.06
	118.49
	100.23
	17.69
	29.27
	42.01
	29.85

	
	
	SBFD
	62.64
	96.85
	116.91
	94.75
	22.37
	26.95
	31.11
	27.1

	
	Tail-UPT
	Legacy TDD
	63.19
	80.73
	93.74
	80.1
	11.7
	19.77
	22.08
	19.01

	
	
	SBFD
	50.62
	69.42
	79.66
	68.77
	18.14
	21.95
	24.08
	21.61

	
	Median-UPT
	Legacy TDD
	76.5
	102.25
	132.28
	100.65
	18.4
	28.56
	41.62
	29.82

	
	
	SBFD
	66.37
	94.84
	116.11
	95.01
	24.23
	26.93
	30.2
	27.09
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[bookmark: _Ref115460232]Figure 8: UPT results for indoor office
As can be seen from Table 8 and Figure 8, compared to legacy TDD, SBFD with Alt4 can significantly improve the UL UPT at both low load and medium load conditions for indoor office, at cost of some DL UPT degradation is observed. In addition, compared to baseline, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
Observation 6: For indoor office, compared to legacy TDD, compared to legacy TDD, SBFD with Alt 4 can significantly improve the UL UPT at both low load and medium load conditions, at cost of some DL UPT degradation is observed. In addition, compared to legacy TDD, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
3.2.2. Urban macro
[bookmark: _Ref115460864][bookmark: _Ref115365395]Table 9: Latency and RU results for Urban macro
	Feature
	DL latency (ms)
	UL latency (ms)

	
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)
	5%
	50%
	95%
	Mean
	Type-1 RU (%)
	Type-2 RU (%)

	Low load
	Legacy TDD
	8.6
	13.6
	19.37
	13.89
	5.58
	6.97
	7.6
	10.34
	18.38
	11.1
	1.71
	8.72

	
	SBFD
	10.47
	14.13
	20.54
	14.6
	5.47
	6.84
	5.3
	9.32
	14.31
	9.47
	1.86
	9.3

	Medium  load
	Legacy TDD
	19.73
	24.48
	31.91
	24.96
	18.61
	23.27
	10.28
	17.42
	27.69
	17.37
	5.14
	25.69

	
	SBFD
	20.69
	25.04
	35.19
	26.01
	17.74
	22.18
	9.81
	14.53
	19.95
	14.58
	5.3
	26.51

	High  load
	Legacy TDD
	49.94
	59.42
	77.04
	60.75
	34.42
	43.03
	32.72
	42.93
	68.26
	45.58
	9.02
	45.12

	
	SBFD
	51.45
	61.5
	87.01
	64.06
	34.06
	42.58
	29.71
	46.52
	52.99
	45.34
	8.77
	43.85
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[bookmark: _Ref115460852]Figure 9: Latency results for Urban macro
As can be seen from Table 9 and Figure 9, when comparing UL latency with the legacy TDD, it can be observed that SBFD demonstrate significantly reduced UL latency at all three-system load conditions for urban macro at the cost of slightly increased DL latency. In ratio, improvement of UL performance at both low load and medium load is much more than the degradation of DL performance, and the magnitudes of improvement for UL performance and degradation for DL performance at high load is similar.
Observation 7: For urban macro, compared to legacy TDD, SBFD with Alt 4 can reduce the UL latency at the cost of increased DL latency. In ratio, improvement of UL performance at both low load and medium load is much more than the degradation of DL performance, and the magnitudes of improvement for UL performance and degradation for DL performance at high load is similar.

[bookmark: _Ref115461067]Table 10: UPT results for Urban macro
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean

	Low load 
	Average-UPT
	Legacy TDD
	236.81
	300.56
	348.46
	299.09
	44.14
	94.8
	128.73
	92.01

	
	
	SBFD
	186.82
	285.75
	328.92
	272.69
	81.47
	110.62
	130.11
	110.19

	
	Tail-UPT
	Legacy TDD
	164.4
	206.69
	275.92
	207.75
	27.83
	54.29
	66.24
	51.68

	
	
	SBFD
	142.38
	193.04
	217.77
	188.05
	55.7
	69.63
	76.41
	68.53

	
	Median-UPT
	Legacy TDD
	219.28
	296.7
	348.96
	293.49
	42.76
	91.69
	131.63
	88.23

	
	
	SBFD
	191.83
	280.77
	327.98
	271.51
	79.01
	107.58
	127.76
	107

	Median load
	Average-UPT
	Legacy TDD
	141.04
	178.75
	205.68
	176.31
	29.87
	58.1
	80.28
	56.7

	
	
	SBFD
	115.67
	175.08
	199.88
	166.47
	53.94
	66.97
	80.35
	67.37

	
	Tail-UPT
	Legacy TDD
	95.16
	128.42
	153.56
	126.25
	23.11
	39.12
	54.08
	39.37

	
	
	SBFD
	88.5
	118.39
	130.26
	114.61
	40.33
	49.02
	53.72
	48.21

	
	Median-UPT
	Legacy TDD
	137.24
	177.28
	207.79
	174.95
	31.26
	58.03
	70.74
	54.66

	
	
	SBFD
	115.38
	172.94
	196.62
	165.02
	55.39
	66.02
	76.06
	66.09

	High load
	Average-UPT
	Legacy TDD
	50.95
	66.42
	76.55
	65.12
	13.86
	23.39
	32.58
	23.41

	
	
	SBFD
	43.55
	64.42
	72.94
	61.53
	18.67
	21.4
	25.31
	21.62

	
	Tail-UPT
	Legacy TDD
	39.19
	51.88
	58.09
	50.47
	10.37
	14.87
	18.55
	14.9

	
	
	SBFD
	34.71
	46.66
	51.19
	45.09
	16.16
	18.95
	20.55
	18.8

	
	Median-UPT
	Legacy TDD
	50.15
	66.01
	75.99
	64.9
	14.51
	23.46
	32.31
	23.3

	
	
	SBFD
	43.85
	64.3
	72.12
	61.39
	19.1
	21.38
	25.75
	21.78
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[bookmark: _Ref115461080]Figure 10: UPT results for Urban macro
As can be seen from Figure 10 and Table 10, compared to legacy TDD, SBFD with Alt4 can significantly improve the UL UPT at both low load and medium load conditions for urban macro, at cost of some DL UPT degradation is observed. In addition, compared to baseline, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
Observation 8: For urban macro, , compared to legacy TDD, SBFD with Alt 4 can significantly improve the UL UPT at both low load and medium load conditions, at cost of some DL UPT degradation is observed. In addition, compared to legacy TDD, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
4. Conclusions 
In this contribution, further analyses and views on deployment scenarios, evaluation methodologies and evaluation assumptions for Rel-18 duplex enhancement are provided. Our proposals are:
Proposal 1: The deployment scenarios for dynamic/flexible TDD evaluation in FR1 (4 GHz) at least include indoor office and heterogeneous deployment with Urban Macro and Indoor office.
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier
· Macro layer use DL dominant static TDD UL/DL configuration: {DDDSU}
· Indoor layer use UL dominant static TDD UL/DL configuration: {DSUUU}
 Proposal 2: The deployment scenarios for dynamic/flexible TDD evaluation in FR2-1(30 GHz) include indoor office and Dense Urban Macro layer.
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment
Proposal 3: Adopt Type-1’ RU and/or Type-2 RU for dynamic TDD evaluations
· 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 and UL 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.
Proposal 4: Use the methodology for R17 coverage enhancement (LLS + link budget analysis) for SBFD and dynamic/flexible TDD coverage evaluation. 
Proposal 5: Adopt the following parameters for UE clustering.
· Indoor UEs height:1.5m
· M=10 , X=3
· For Urban Macro for FR1: 
· Dmacro-to-cluster = 262.5 m (=500 / 200 * 105m) , Dinter-cluster = 144.8 m (=500 / 200 * 57.9), R = 72.3 m (= 500 / 200 * 28.9m)
· For Dense Urban Macro layer for FR2-1: 
· Dmacro-to-cluster = 105 m, Dinter-cluster = 57.9 m, R = 28.9 m
Proposal 6: Confirm the work assumptions on deployment and adopt the following value for minimum UE-UE distance.
· Indoor office: 1~3m [TR 38.828 Table 5.2.1.1.2-1]
· Urban macro / Dense Urban Macro layer: 3m [TR 38.802 Table A.2.1-11]
Proposal 7: Reuse the agreed simulation assumptions which are applicable for other deployment cases and detailed parameters of FTP model 3 of deployment case 1 for deployment case 4.
Proposal 8: Adopt ACIR defined in Table 1 for case 4.
Proposal 9: Performance of dynamic/flexible TDD with existing CLI handling schemes is the baseline for comparison with new CLI handling schemes.
Proposal 10: For both FR1 and FR2-1, the simulation assumptions of Indoor office are the same as that of SBFD.
Proposal 11: For FR2-1, the simulation assumptions of Dense Urban Macro layer are the same as that of SBFD. 
Proposal 12: Adopt simulation assumptions in Table 2 for HetNet evaluation.
Observation 1: For indoor office, compared to legacy TDD, SBFD with Alt 1 can significantly reduce the UL latency at the cost of slightly increased DL latency.
Observation 2: For indoor office, compared to legacy TDD, SBFD with Alt 1 demonstrate clearly better UL mean and cell-edge user throughput at all three-system load conditions at the cost of slightly decreased DL mean and cell-edge user throughput.
Observation 3: For urban macro, compared to legacy TDD, SBFD with Alt 1 can significantly reduce the UL latency at the cost of slightly increased DL latency.
Observation 4: For urban macro, compared to legacy TDD, SBFD with Alt 1 demonstrate clearly better UL mean and cell-edge user throughput at all three-system load conditions at the cost of slightly decreased DL mean and cell-edge user throughput.
Observation 5: For indoor office, compared to legacy TDD, SBFD with Alt 4 can reduce the UL latency at the cost of increased DL latency. In ratio, improvement of UL performance at both low load and medium load is much more than the degradation of DL performance, and the magnitudes of improvement for UL performance and degradation for DL performance at high load is similar.
Observation 6: For indoor office, compared to legacy TDD, compared to legacy TDD, SBFD with Alt 4 can significantly improve the UL UPT at both low load and medium load conditions, at cost of some DL UPT degradation is observed. In addition, compared to legacy TDD, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
Observation 7: For urban macro, compared to legacy TDD, SBFD with Alt 4 can reduce the UL latency at the cost of increased DL latency. In ratio, improvement of UL performance at both low load and medium load is much more than the degradation of DL performance, and the magnitudes of improvement for UL performance and degradation for DL performance at high load is similar.
Observation 8: For urban macro, , compared to legacy TDD, SBFD with Alt 4 can significantly improve the UL UPT at both low load and medium load conditions, at cost of some DL UPT degradation is observed. In addition, compared to legacy TDD, there is a slight decrease in the both UL UPT and DL UPT at high load condition.
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6. Annex
[bookmark: _Hlk54274303]Table Annex-1. System-level simulation assumption for NR Full Duplex
	Parameters
	Indoor office
	Urban macro

	Layout
	Single layer
12BSs per 120m x 50m
	Single layer
Macro layer: Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Carrier frequency 
	4G

	Minimum UE-UE (2D) distance
	1m
	3m (38.802)

	Deployment case 
	Case 1

	BS antenna configuration
	SBFD antenna configuration option-2 :
= (4,4,2,1,1; 4,4) 
= (0.5, 0.5)λ,  +45°/-45° polarization
	SBFD antenna configuration option-2 :
=
(8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization

	BS Tx power
	24dBm (38.901)
	49 dBm (38.901)

	UE antenna height
	1.0m
	Same as 3D-UMa in TR36.873

	Traffic model
	FTP traffic model 3 
Each UE is assigned both UL traffic and DL traffic 
Asymmetric packet size: 0.5Mbyte for DL and 0.125 Mbytes for UL
UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
Note: Type-2 RU definition (calculated per link direction) is used

	UE-to-UE Channel model
	Large-scale channel parameters:
 InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA
	Large-scale channel parameters:
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, ASD and ZSD statistics updated to be the same as ASA and ZSA.

	UE distribution
	10 users per TRP
	UE clustering is applied:
· M=10 , X=3
· Indoor UEs height :1.5m
· For Urban Macro for FR1: Dmacro-to-cluster = [262.5 m] (=500 / 200 * 105m) , Dinter-cluster = [114.8 m] (=500 / 200 * 57.9), R = [72.3 m] (= 500 / 200 * 28.9m)
· For Dense Urban Macro layer for FR1 and FR2-1: Dmacro-to-cluster = [105 m], Dinter-cluster = [57.9 m], R = [28.9 m]

	Transmission mode 
	SU-MIMO

	Channel estimation
	Realistic

	Overhead 
	No extra overhead
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