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[bookmark: _Toc116995841]Introduction
In 2022, a new study item work on evolution of duplex operation [1] was started, with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation.
The detailed objectives specified in [1] are as follows:
	· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 




In this contribution we discuss general approach that was agreed for simulation assumption work between RAN1 and RAN4. 


[bookmark: _Toc116995842]Discussion
As shown above, RAN1 is responsible, among others, for the study of SBFD performance, inter-gNB, and inter-UE CLI handling and identifying solutions for CLI mitigation, etc. On the other hand, RAN4 is responsible for studying the feasibility of SBFD and the impact of SBFD on the RF requirements. For these tasks, both RAN1 and RAN4 agreed on their respective simulation assumptions and exchanged several LSs during the last year. It is noted that the simulation assumptions are different and may lead to different answers regarding feasibility.
Some concerns on differences between RAN1 and RAN4 simulation assumptions and methodology were already discussed in contributions [2] and [3] without any further actions, with arguments from some companies that both RAN1 and RAN4 have their own specific simulation goals. 
Observation 1. It is a common understanding that RAN1 and RAN4 have some differences in simulation assumptions for SBFD. 
In our opinion, there are certain aspects of the simulation assumptions and methodology that are key when it comes to conclude on the performance and/or coexistence of SBFD. However, in the current Technical Report skeleton TR 38.858 for SBFD there is no section planned to cover this issue. We think that such a section is needed and will be very useful for all readers of TR who were not in deep details with the RAN1 and RAN4 simulation assumptions.  We propose to do this in a subclause in Annex E.4.
Proposal 1. To include a subclause in Annex E.4 for comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions as proposed below.
[bookmark: _Toc116995848]3 Conclusion
In this contribution we discuss issues related to RAN1 and RAN4 methodology for SBFD simulations. We have made following observation and proposal: 
Observation 1. It is a common understanding that RAN1 and RAN4 have some differences in simulation assumptions for SBFD. 
[bookmark: _Toc116995849]Proposal 1. To include a subclause in Annex E.4 for comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions as proposed below.
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<Start of TP to TR 38.858>
E.4	Comparison of RAN1 and RAN4 simulation methodology and assumptions

E.4.1 General overview

This annex summarizes essential differences between the sub-band full duplex (SBFD) simulations assumptions performed in RAN1 and RAN4.  Table 1 outlines some essential differences in terms of simulation assumptions with focus on the wide-area FR1 Urban Macro (UMa) scenario with 500 m inter-site distance (ISD). Detailed simulation assumptions in RAN1 and RAN4 for FR1 Urban Macro (UMa) and other scenarios can be found in attachment E.4.5. 

[bookmark: _Ref141169408]Table E.4.1-1: Comparison of RAN1 and RAN4 parameters for SBFD simulations
	Parameter
	RAN4 assumption
	RAN1 assumption

	Network layout 
	Single layer with 19 sites, each with three hexagonal sectors (57 cells in total); Wrap around
	(Baseline) Single layer with 7 sites, each with three hexagonal sectors (21 cells in total); Wrap around

	UE deployment
	1 UE per cell per subband, 20% indoor probability as baseline
	10 UEs per cell; 80% indoor probability

	BS self-interference isolation
	Self-interference power is: Noise floor - 6dB (corresponding approximately to 1 dB desense)
	Corresponding to 1 dB desense

	BS Inter-sector interference isolation
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)

Note: for FR1 wide-area, this means the inter-sector isolation should be not less than [144dB] 

	Total inter-sector isolation is the sum of spatial isolation + BS-BS ACIR. Agreed values for spatial isolation are:

- Option 1: 75dB (spatial isolation), 0dB digital isolation
- Option 2: 93dB (spatial isolation), 0dB digital isolation
- Option 3: 100dB (spatial isolation), 0dB digital isolation
- Option 4: 100dB (spatial isolation), 10dB digital isolation (recommended by Moderator)


	Propagation model
	BS-to-UE: UMa see TR 38.803
BS-to-BS: UMa see TR 38.803
For LoS probability for Macro-to-Macro case:
· Option 1: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
· X = [0.75]
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.803.
· Option 2: Reuse the same model as in TR 38.828 with h_UT equals to 25m;
· Option 2 as 1st priority and option 1 as 2nd priority [Editor’s Note: Agreement 2.4.3 in R4-2302888]
UE-to-UE: UMi see TR 36.828, subclause 5.2.2.1. Model is not applicable when 2D distance is less than 10m, instead free space model is applicable.
Optional: TR 38.901 model
	BS-to-UE: UMa in TR 38.901

BS-to-BS: UMa in TR 38.901 (hUE =25m). If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 75%; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

UE-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m). For UE-UE penetration loss, Table A.2.1-12 in TR 38.802 is used with modification on the criterion used to determine whether two indoor UEs are in the same building.


	BS transmission power
	49 dBm or 53 dBm for 100 MHz
	Baseline: 53 dBm for 100 MHz; Optional: 49 dBm for 100 MHz

	Traffic
	Full buffer (100% resource load)
	FTP3 traffic model consisting of Poisson packet arrival process and packet size:
- Option 1 (higher priority): 4Kbytes for DL and 1Kbyte for UL
- Option 2 (higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL
Loads: Low (5-10% RB utilization), medium (20-40%) and high (>50%)

	BS Antenna configuration
	Baseline:
Reuse TR 38.828 antenna model as in 2.2.1.5
For legacy TDD: (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
 
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

Optional: Extended AAS model in TR 38.803, subclause 5.2.3.2.4.

	Companies to report. Recommendation: (M,N,P,Mg,Ng;Mp,Np)  = (8,8,2,1,1;2,8) , (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization

	BS antenna element gain
	5 dBi (assuming 1.8dB loss)
	8 dBi

	UL scheduling and power control
	Entire bandwidth scheduled to the UL user (for legacy TDD: 100 MHz, for SBFD {DUD} and {DU}: 20MHz). Transmit power selected to reach a SNR target of 15 dB
	One or more UEs scheduled per slot. Open-loop power control where both the number of DL RBs and transmit power per RB is dynamically adjusted according to P0 and alpha parameters. 

	Mechanic tilt
	6°
	For calibration: 90° in GCS (pointing to horizontal direction)

	Electronic tilt
	Based on beamforming model in TR 38.828, Section 5.2.3.1
	For calibration: For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180
　
NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524



E.4.2 Simulation objectives in RAN1 and RAN4

RAN4 simulations are focused on coexistence analysis between two networks operating on adjacent channels. Specifically, RAN4 evaluated the impact of a SBFD network towards a (legacy) TDD network and vice versa. The RAN4 coexistence evaluation is conducted considering the different scenarios and cases listed in Annex E.1 in Table E.1-1 and Table E.1-2, respectively.
RAN1 conducted an extensive SBFD performance assessment with the main purpose of understanding SBFD performance benefits over legacy static TDD, as well as to investigate the potential of different techniques to combat the cross-link interference present in SBFD.  Four deployment cases are considered for evaluation in RAN1, as described in Section 7.1. It is worth noting that majority of simulated results are focusing on Deployment Case 1 with single-operator and all the cells using the same SBFD subband configuration, and Deployment Case 4 consisting of two operators with TDD and SBFD, respectively. 

E.4.3 Simulation methodology in RAN1 and RAN4
RAN4 simulations consists of multiple drops (with different UE positions, etc.) where each drop represents a ‘snapshot’ of the network at a particular time. For each drop, RAN4 simulation methodology is outlined in Section E.3.1. Note that RAN4 simulations are fully static (i.e. no time-variant processes, such as fast fading or UE movement, are modeled) so the obtained SINR and throughput statistics intend to capture long-term averaged SINR and throughput performance of the corresponding user. The reported throughput represents the upper bound based on the Shannon capacity as described in Section 4.3.1 . No HARQ or dynamic link adaptation is explicitly simulated. 
RAN1 simulations are generally time-driven simulations which try to capture most of the system dynamics that have a big impact on the end-user performance. This includes dynamic traffic models resulting in time-varying load and interference conditions, as well as several radio resource management (RRM) functionalities such as CSI acquisition, HARQ retransmissions, packet scheduler, MIMO (including beamforming and precoding techniques) and link adaptation. For each simulated link, a stochastic 3D channel model is used to generate fast-fading components taking into account the angular and delay spreads of the channel, as specified in TR 38.901.  Given the dynamicity of the underlying system model, throughput and SINR vary over time for each simulated user. 

E.4.4 Modeling of adjacent-channel interference in RAN1 and RAN4

Editor's note: This section requires further updates.

E.4.5 Simulation assumptions in RAN1 and RAN4 for respective scenarios

Table E.4.5-1 presents details comparison of RAN1 and RAN4 simulations results for Urban Macro scenarios for FR1 and FR2. Table E.4.5-2 presents details comparison of RAN1 and RAN4 simulations results for Indoor Office scenarios for FR1 and FR2.    

[bookmark: _Hlk146551291]Table E.4.5-1: Simulation assumptions in RAN1 and RAN4 for Urban Macro (UMa)
	
	RAN1
	RAN4

	 
	Urban Macro (FR1)
	Dense Urban Macro Layer (FR2-1)
	Urban Macro (FR1)
	Dense Urban Macro Layer (FR2-1)

	Carrier frequency
	4 GHz
	30GHz
	4 GHz
	30GHz

	System bandwidth
	100MHz
	100MHz
	100MHz
	Baseline: 200MHz
Optional: 100MHz

	Numerology
	14 OFDM symbol slot
	14 OFDM symbol slot
	14 OFDM symbol slot, SCS = 30kHz
	14 OFDM symbol slot, SCS = 120kHz

	
	SCS = 30kHz
	SCS = 120kHz
	 
	 

	SBFD subband and slot configurations
	Alt 1/2/4 in Annex A.7 are used for comparison between baseline legacy TDD network and SBFD deployment case 1.
	Alt 1/2/4 in Annex A.7 are used for comparison between baseline legacy TDD network and SBFD deployment case 1.
	-
	-

	BS ACLR
	45 dB
	28 dB
	45 dBc
	28 dBc

	BS ACS
	46 dB
	23.5 dB
	Baseline: 50 dBc
Optional: A reported value within the range 46 to 62 dBc
	24 dBc

	UE ACLR
	30 dB
	23 dB
	Note 1  
Note 1: 1. UE ACLR is modelled as 30 dB at max power, and improves 1dB/dB with backoff up to a maximum 10 dB of improvement. So this means at 10 dB backoff the ACLR is 40 dB.(R4-2302977)
	Note 1  
Note 1: 2. FR2-1 ACLR mode for SBFD sims: 24 dB based value improved 1 dB/dB for up to 10 dB, similar approach as FR1.(R4-2302977)

	UE ACS
	33 dB
	23 dB
	33 dBc
	23 dBc

	BS self-interference isolation
	corresponding approximately to 1 dB desense
	corresponding approximately to 1 dB desense
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)

	BS Inter-sector interference isolation
	• option 1: 75dB for spatial isolation (RAN4 typical value).
• option 2: 93dB for spatial isolation (RAN4 best value).
• option 3: 100dB for spatial isolation 
- In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	• option 1: 88dB for spatial isolation (RAN4 typical value).
• option 2: 98dB for spatial isolation (RAN4 best value).
• option 3: 105dB for spatial isolation 
- In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)

	BS transmit power for SBFD
	53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	40 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	Option 1:
TDD: 49 dBm
SBFD config 1: 46 dBm
SBFD config 2: 49 dBm
Option 2:
TDD: 53 dBm
SBFD config 1: 50 dBm
SBFD config 2: 53 dBm

	TDD: 30 dBm
SBFD config 1: 27 dBm
SBFD config 2: 30 dBm

	
	Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.
	SBFD config 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
SBFD config 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
	23dBm
	Peak EIRP should not exceed 22.4 dBm 

Note 5: Peak EIRP of 22.4 dBm is the baseline assumption, other higher EIRP is optional and companies could provide simulation results with statement of higher EIRP.

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
	UMa Single layer with 19 hexagonal cell with wrap around
	UMa Single layer with 19 hexagonal cell with wrap around

	Inter-BS (2D) distance
	500m
	200m
	500m
	200m

	Minimum BS-UE (2D) distance
	35m
	35m
	35m
	35m

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

	BS antenna height
	25m
	25m
	25m
	25m

	UE distribution
	UE Clustering
	UE Clustering
	Uniform
	Uniform

	UE number per macro/indoor TRP (per direction) (M) 
	20
	10
	-
	-

	UE cluster number per macro cell (X)
	2
	1
	-
	-

	UE outdoor/indoor proportion
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	100% outdoor without car penetration loss: 3km/h
	Baseline: 20% indoor and 80% outdoor
Optional: 80% indoor and 20% outdoor
	0% indoor and 100% outdoor

	Indoor UE height (m)
	1.5m
	1.5m
	hUT=3(nfl-1)+1.5
nfl = 1

	Outdoor UE height (m)
	1.5m
	1.5m
	hUT=3(nfl-1)+1.5
nfl~uniform(1,Nfl) where Nfl=1

	Radius of cluster (R)
	25m
	20m
	-
	-

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	60m
	55m
	-
	-

	Minimum distance between two UE cluster centers (Dinter-cluster)
	50m
	-
	-
	-

	gNB-UE Channel model 
	Macro-to-UE: UMa in TR 38.901
	Macro-to-UE: UMa in TR 38.803

	
	For FR1, gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model
	O2I penetration loss follows TR 38.803

	gNB-gNB Channel model (large-scale)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
	Macro-to-Macro: UMa in TR 38.803 (hUE =25m)

	
	LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
	Option 1: Reuse the same model as in TR 38.828 with h_UT equals to 25m;
Option 2: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.

	UE-UE Channel model (large-scale)
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).
	UE-to-UE: UMi see TR 36.828
+ penetration loss see TR 38.803
o UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable.

	
	For FR1, penetration loss between UEs follows Table A.2.1-12 in TR38.802
	

	BS antenna array configuration for Legacy TDD
	(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8) 
	(M,N,P,Mg,Ng;Mp,Np) = (4,16,2,2,2; 1,1)
	(M,N,P,Mg,Ng)=(8,8,2,1,1) 
	(M,N,P,Mg,Ng)=(8,16,2,1,1) 

	
	 (dH,dV)  = (0.5, 0.8)λ,  +45°/-45° polarization
	 (dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization
	(dH,dV)=(0.5,0.8)λ
	(dH,dV)=(0.5,0.5)λ

	
	
	
	
	

	BS antenna array configuration for SBFD
	-         SBFD antenna configuration Option 2 (Method 2-1)
	-         SBFD antenna configuration Option 2 (Method 2-1)
	(M,N,P,Mg,Ng) = (4, 8, 2, 1, 1)
(dH,dV)= (0.5λ, 0.5λ)
antenna element gain: 3 dBi (assuming 2dB loss)
For SBFD antenna config-11: (2, 8, 2, 1, 1); (dH,dV)= (0.5λ, 0.5λ)
For SBFD antenna config-22: (4, 8, 2, 1, 1); (dH,dV)= (0.5λ, 0.5λ)
• Option 1: both SBFD and NR TDD gNB re-use TR 38.828 model without considering sub-arrays, detailed antenna configurations based on Section 5.2.1.5 for FR1.
	(M,N,P, Mg,Ng) =(8, 16, 2, 1, 1) 
(dH,dV)= (0.5λ, 0.5λ)
antenna element gain: 3 dBi (assuming 1.8dB loss)
For SBFD antenna config-1: (4, 16, 2, 1, 1); (dH,dV)= (0.5λ, 0.5λ)
For SBFD antenna config-2: (8, 16, 2, 1, 1); (dH,dV)= (0.5λ, 0.5λ)

Option 1: For FR2, reuse the same as in 38.828 Section 5.2.2.5 for FR2

	
	n   Two panel groups
	n   Two panel groups
	
	

	
	n   For each panel group: 
	n   For each panel group: 
	
	

	
	(M,N,P,Mg,Ng) = (8,8,2,1,1).
	(M,N,P,Mg,Ng) = (4,16,2,2,2).
	
	

	
	n   Number of TxRUs: same as legacy TDD
	n   Number of TxRUs: same as legacy TDD
	
	

	
	 (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	 (dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ
	
	

	
	
	
	
	

	BS antenna radiation pattern
	reuse Table 9 in Report ITU-R M.2412
	reuse Table 9 in Report ITU-R M.2412
	Both SBFD and NR TDD gNB reuse TR 38.828 model without considering sub-arrays
	Both SBFD and NR TDD gNB reuse TR 38.828 model without considering sub-arrays

	UE antenna configuration
	l2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
	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°
	Omnidirectional antenna
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), (dH,dV) = (0.5,0.5)λ

	
	l4Rx: (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 antenna radiation pattern
	Omni-directional with 0 dBi element gain
	reuse Table 11 in Report ITU-R M.2412
	Omni-directional with 0 dBi element gain
	Reuse TR 38.828 model

	BS receiver noise figure
	5dB
	7 dB
	5 dB
	10 dB

	UE receiver noise figure
	9 dB
	13 dB
	9 dB
	10 dB

	Uplink Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 
	P0= -86 dBm, alpha = 0.9 
	Transmission power control as specified in Section E.3.5
	Transmission power control as specified in Section E.3.5

	Handover margin (dB)
	3 dB
	3 dB
	3 dB
	3 dB

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
	Cell selection is based on RSRP
	Cell selection is based on RSRP

	
	
	l   Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	
	

	
	
	l   Single gNB panel is used for UE attachment
	
	

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901
	Model-1 in clause 7.3.2 in TR 38.901
	-
	-

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	6°
	6°

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

	Beam set at TRxP (Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
	For direction of TRxP analog beam steering (in LCS):
	-
	-

	
	Azimuth angle φi = 0
	Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
	 
	 

	
	Zenith angle θj = pi*102/180
	Zenith angle θj = {5*pi/8, 7*pi/8}
	 
	 

	
	 
	 
	 
	 

	
	NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
	NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
	 
	 

	
	Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	 
	 

	Beam set at UE (Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
	-
	-

	
	
	Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
	 
	 

	
	
	Zenith angle θj = {pi/4, 3*pi/4};
	 
	 

	
	
	
	 
	 

	
	
	NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
	 
	 

	
	
	Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	 
	 










Table E.4.5-2: Simulation assumptions in RAN1 and RAN4 for Indoor Office scenario

	
	RAN1
	RAN4

	 
	Indoor office (FR1)
	Indoor office (FR2-1)
	Indoor office (FR1)
	Indoor office (FR2-1)

	Carrier frequency
	4 GHz
	30GHz
	4 GHz
	30GHz

	System bandwidth
	100MHz
	100MHz
	100MHz
	100MHz

	Numerology
	14 OFDM symbol slot
	14 OFDM symbol slot
	14 OFDM symbol slot
	14 OFDM symbol slot

	
	SCS = 30kHz
	SCS = 120kHz
	SCS = 30kHz
	SCS = 120kHz

	SBFD subband and slot configurations
	Alt 1/2/4 in Annex A.7 are used for comparison between baseline legacy TDD network and SBFD deployment case 1.
	Alt 1/2/4 in Annex A.7 are used for comparison between baseline legacy TDD network and SBFD deployment case 1.
	-
	-

	BS ACLR
	45 dB
	28 dB
	45 dBc
	28 dBc

	BS ACS
	46 dB
	23.5 dB
	Baseline: 50 dBc
Optional: A reported value within the range 46 to 62 dBc
	24 dBc

	UE ACLR
	30 dB
	23 dB
	Note 1  
Note 1: 1. UE ACLR is modelled as 30 dB at max power, and improves 1dB/dB with backoff up to a maximum 10 dB of improvement. So this means at 10 dB backoff the ACLR is 40 dB.(R4-2302977)
	Note 1  
Note 1: 2. FR2-1 ACLR mode for SBFD sims: 24 dB based value improved 1 dB/dB for up to 10 dB, similar approach as FR1.(R4-2302977)

	UE ACS
	33 dB
	23 dB
	33 dBc
	23 dBc

	BS self-interference isolation
	corresponding approximately to 1 dB desense
	corresponding approximately to 1 dB desense
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)

	BS Inter-sector interference isolation
	• option 1: 75dB for spatial isolation (RAN4 typical value).
• option 2: 93dB for spatial isolation (RAN4 best value).
• option 3: 100dB for spatial isolation 
- In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	• option 1: 88dB for spatial isolation (RAN4 typical value).
• option 2: 98dB for spatial isolation (RAN4 best value).
• option 3: 105dB for spatial isolation 
- In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)

	BS transmit power for SBFD
	24 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	23 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	24 dBm is assume for maximum BS transmit power for legacy TDD

BS transmit power for SBFD
For SBFD antenna configuration 1: 21 dBm
For SBFD antenna configuration 2: 24 dBm
	24 dBm is assume for maximum BS transmit power for legacy TDD

BS transmit power for SBFD
For SBFD antenna configuration 1: 21 dBm
For SBFD antenna configuration 2: 24 dBm

	
	 
	 
	SBFD config 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
SBFD config 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
	23 dBm
	Peak EIRP should not exceed 22.4 dBm 

Note 5: Peak EIRP of 22.4 dBm is the baseline assumption, other higher EIRP is optional and companies could provide simulation results with statement of higher EIRP.

	Layout
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- X-axis is pointing down to the floor
- The antenna array is mounted in the Y-Z plane with boresight along the X-axis
- The X-axis/Y-axis/Z-axis refer to LCS
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- X-axis is pointing down to the floor
- The antenna array is mounted in the Y-Z plane with boresight along the X-axis
- The X-axis/Y-axis/Z-axis refer to LCS
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(operator A: 6 BSs & operator B: 6 BSs) 120 m x 50 m
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	Inter-BS (2D) distance
	20m
	20m
	20m

	Minimum BS-UE (2D) distance
	0m
	0m
	0m

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

	BS antenna height
	3m
	3m
	3m

	UE distribution
	Uniform
	Uniform
	Uniform

	UE number per macro/indoor TRP (per direction) (M) 
	10
	-
	-

	UE cluster number per macro cell (X)
	-
	-
	-

	UE outdoor/indoor proportion
	100% indoor in houses: 3km/h
	100% indoor
	100% indoor

	Indoor UE height (m)
	1.5m
	1.5m
	1.5m

	Outdoor UE height (m)
	-
	 
	 

	Radius of cluster (R)
	-
	-
	-

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	-
	-
	-

	Minimum distance between two UE cluster centers (Dinter-cluster)
	-
	-
	-

	gNB-UE Channel model 
	TRP-to-UE: InH-Office in TR 38.901
	BS-to-UE: InH-office see TR 38.803
	BS-to-UE: InH-office see TR 38.803

	
	Penetration loss is not modelled.
	Penetration loss is not modelled.
	Penetration loss is not modelled.

	gNB-gNB Channel model (large-scale)
	TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
	BS-to-BS: InH-office see TR 38.803
	BS-to-BS: InH-office see TR 38.803

	
	Penetration loss is not modelled.
	Penetration loss is not modelled.
	Penetration loss is not modelled.

	UE-UE Channel model (large-scale)
	UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
	UE-to-UE: InH-office see TR 38.803
	UE-to-UE: InH-office see TR 38.803

	
	
	
	

	BS antenna array configuration for Legacy TDD
	(M,N,P,Mg,Ng;Mp,Np) = (4,4,2,1,1; 4,4) 
	(M,N,P,Mg,Ng;Mp,Np)  = (16,8,2,1,1; 1,1)
	(M,N,P,Mg,Ng)=(4,4,2,1,1) 
(dH,dV)=(0.5,0.5)λ
	(M,N,P,Mg,Ng)=(4,8,2,1,1) 
(dH,dV)=(0.5,0.8)λ

	
	 (dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization
	 (dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization
	
	

	
	
	
	
	

	BS antenna array configuration for SBFD
	-         SBFD antenna configuration Option 2 (Method 2-1)
	-         SBFD antenna configuration Option 2 (Method 2-1)
	� For SBFD antenna config-1: (M,N,P,Mg,Ng)=(2,4,2,1,1) (dH,dV)=(0.5,0.5)λ
� For SBFD antenna config 2: (M,N,P,Mg,Ng)=(4,4,2,1,1) (dH,dV)=(0.5,0.5)λ
	• Baseline: Reuse TR 38.828 antenna model as in 2.2.1.5
For SBFD antenna configuration 1: (M,N,P,Mg,Ng)=(4,8,2,1,1) (dH,dV)=(0.5,0.8)λ
For SBFD antenna configuration 2: (M,N,P,Mg,Ng)= (8,8,2,1,1) (dH,dV)=(0.5,0.8)λ
Note 1,2,3,4,5

• Optional: Extended AAS model Section 5.2.3.2.4 of TR 38.828
For legacy TDD: TBA
For SBFD: TBA

	
	n   Two panel groups
	n   Two panel groups
	
	

	
	n   For each panel group: 
	n   For each panel group: 
	
	

	
	(M,N,P,Mg,Ng) = (4,4,2,1,1).
	(M,N,P,Mg,Ng) = (16,8,2,1,1).
	
	

	
	n   Number of TxRUs: same as legacy TDD
	n   Number of TxRUs: same as legacy TDD
	
	

	
	(dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	(dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ
	
	

	
	
	
	
	

	BS antenna radiation pattern
	reuse Table 10 in Report ITU-R M.2412
	Both SBFD and NR TDD gNB
 reuse TR 38.828 model
	Both SBFD and NR TDD gNB
 reuse TR 38.828 model

	UE antenna configuration
	l   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
	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°
	Omnidirectional antenna
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), 
(dH,dV) = (0.5,0.5)λ

	
	l   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 antenna radiation pattern
	Omni-directional with 0 dBi element gain
	reuse Table 11 in Report ITU-R M.2412
	Omnidirectional antenna
	Reuse TR 38.828 model

	BS receiver noise figure
	5dB
	7 dB
	5 dB
	10 dB

	UE receiver noise figure
	9 dB
	13 dB
	9 dB
	10 dB

	Open loop power control parameters
	P0= -60 dBm, alpha = 0.6
	Transmission power control as specified in Section E.3.5
	Transmission power control as specified in Section E.3.5

	Handover margin (dB)
	3 dB
	3 dB
	3 dB
	3 dB

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
	Cell selection is based on RSRP
	Cell selection is based on RSRP

	
	
	l Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	
	

	
	
	l   Single gNB panel is used for UE attachment
	
	

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901
	Model-1 in clause 7.3.2 in TR 38.901
	-
	-

	Mechanic tilt 
	180° in GCS (pointing to the ground)
	180° in GCS (pointing to the ground)
	90° (pointing to the ground)
	90° (pointing to the ground)

	Electronic tilt
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")
	-
	-

	Beam set at TRxP (Constraints for the range of selective analog beams per TRxP)
	-
	For direction of TRxP analog beam steering (in LCS):
	-
	-

	
	
	Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
	-
	-

	
	
	Zenith angle θj = {pi/4,  3*pi/4}
	-
	-

	
	
	 
	-
	-

	
	
	NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
	-
	-

	
	
	Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	-
	-

	Beam set at UE (Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
	-
	-

	
	
	Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
	-
	-

	
	
	Zenith angle θj = {pi/4, 3*pi/4};
	-
	-

	
	
	
	-
	-

	
	
	NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
	-
	-

	
	
	Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	-
	-





<End of TP to TR 38.858>
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