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Introduction
In this contribution, we discuss on the deployment scenarios and evaluation methodology for the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD. In addition, we provide our initial evaluation results on subband non-overlapping full duplex.

Deployment scenarios and evaluation methodology
In this section, we provide our views on the remained details for deployment scenarios and evaluation methodology based on the agreements made in RAN1#110-bis-e meeting [2].

Deployment scenarios
In RAN1#110-bis-e meeting [2], 2-layer scenario B for evaluation of SBFD Deployment Case 3-2 and for evaluation of dynamic/flexible TDD was agreed. To be specific, it was agreed that evaluation scenario is Indoor office or Indoor factory for Layer -2. The remaining issue is for further study of considering only one indoor office/factory dropped in the whole network.
	Agreement
For evaluation of SBFD Deployment Case 3-2, the following scenario is baseline for FR1:
· 2-layer Scenario B 
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
· Other operations are not precluded and can be reported by companies, e.g., Layer 1 uses SBFD operation and Layer 2 uses legacy TDD operation
Companies can submit results for other scenarios

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



About the method of indoor office or indoor factor drop in Layer 2, those two cases could be considered.
· Case 1: Dropping indoor office/factory in every single macro cell.
· Case 2: Dropping only one indoor office/factory in whole network

If it is assumed for evaluation that DL heavy TDD configuration (e.g., DDDSU) is applied for Macro cell and UL heavy TDD configuration (e.g., DSUUU) or SBFD (e.g., DXXXU) is applied for indoor cell, it can be assumed that Indoor gNB to Macro gNB CLI and Macro UE to indoor UE CLI doesn’t occur.
If the configuration of all Macro cells are unified and the number of UEs in Indoor office/factory is same in case 1 and 2, the two cases reflect below inference respectively.
· CLI Case 1: Indoor UE to macro UE CLI
· CLI Case 2: Macro gNB to indoor gNB CLI
In conclusion, the considering of the case should be depend on a purpose of interference observation.

Observation 1: 
· If observation which ‘Macro gNB to indoor gNB CLI’ affects UL performance of indoor gNB is preferred, an assumption ‘Dropping indoor office/factory in every single macro cell’ seems appropriate.
· If observation which ‘Indoor UE to macro UE CLI’ affects DL performance of indoor UE is preferred, an assumption ‘Dropping only one indoor office/factory in whole network’ seems appropriate.

SLS calibration
In RAN1#110-bis-e meeting [2], an agreement related to SLS calibration has been made.
	Agreement
RAN1 to conduct a SLS calibration for evaluation of SBFD operation.
· The calibration focuses on the following scenarios of SBFD deployment case 1
· FR1: Urban Macro
· FFS: Indoor office
· FR2: Dense Urban Macro layer
· Regarding metrics used for SLS calibration, consider the following:
· gNB-UE coupling loss
· Inter-gNB coupling loss
· Inter-UE coupling loss
· Optional: DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
· Optional: DL SINR in SBFD slots
· Optional: UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
· Optional: UL SINR in SBFD slots
· FFS: the detailed definitions of the metrics listed above



In RAN1#110-bis-e meeting [2], it was agreed for a SLS calibration for evaluation of SBFD operation that the calibration focuses on the scenarios (i.e., Urban Macro (FR1) and Dense Urban Macro layer (FR2)) of SBFD deployment case 1. But the indoor office (FR1) is under discussion.
In case of Urban Macroa, the effect of SBFD based on high power of gNB (i.e., inter gNB CLI, Self-interference and inter-cell gNB-UE CLI) could be observed well. In case of indoor office, on the contrast, the effect of SBFD that masked by lower power of gNB (i.e. relatively low level of inter gNB CLI, Self-interference) could be observed well which could make more proper environment to SBFD operation.
To make careful comparison, calibration between company’s simulation assumptions in indoor office is required. Based on this, to evaluate SBFD operation, indoor office should be considered as much as Urban Macro. Therefore, for SBFD deployment case 1, not only Urban Macro (FR1) but also Indoor office scenario (FR1) should be included for SLS calibration.

Proposal 1: For SBFD deployment case 1, not only Urban Macro (FR1) but also Indoor office scenario (FR1) should be included for SLS calibration.

As closing RAN1#110-bis-e [2], FL presented the recommendation of calibration assumption (Table 4 in Appendix 1). The assumption is based on only Urban Macro (FR1) and Dense Urban Macro Layer (FR2-1) scenario. Based on proposal 1, indoor office scenario should be added in simulation assumption for indoor office SLS calibration.

Proposal 2: Indoor office scenario should be added in simulation assumptions for indoor office SLS calibration for SBFD evaluation. Table 3 in conclusion can be a starting point for discussion.

Initial performance evaluation results 
This section provides our initial evaluation results on subband non-overlapping full duplex. 
In the evaluation, throughput and latency performance between HD TDD and SBFD are compared. For performance comparison, following frame structure (i.e., Alt 1 in the agreement in RAN1#109-e [4]) for the legacy TDD and SBFD operation is assumed.
· 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.
DL and UL resource for the legacy TDD and SBFD operation are illustrated in Figure 1. For the evaluation, SBFD Subband configuration#1 with {DUD} pattern and total 14 PRBs of guard band is assumed.
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(a) Legacy TDD (HD only)                                       (b) SBFD (HD and SBFD)
Figure 1. DL/UL resource configuration for (a) legacy TDD and (b) SBFD

To observe the effect of inter-UE CLI, two alternatives for UE clustering distribution of Urban Macro and Dense Urban Macro layer were agreed in RAN1#110-bis-e [2].
	Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5






The Alt-2 is adopted to simulation which is baseline of UE clustering distribution that has multi cluster in single Macro layer. 
In addition, ASIR is assumed to reflect the effects of SI and CLI on the DL/UL performance. The ASIR implies the adjacent subband interference ratio and is defined as the ratio of the power transmitted on one subband to the total interference received by a receiver on the adjacent subband, due to both transmitter and receiver imperfections without considering channel. For the evaluation, frequency flat ASIR value as provided in Table 2 is assumed. ASIR_BS_BS and ASIR_UE_UE in the table refer the ASIR value applied to inter-site gNB-gNB co-channel inter-subband CLI and UE-UE co-channel inter-subband CLI, respectively.
For the evaluation, the same DL Tx power of gNB is assumed for HD and SBFD slot, so Tx power density per RE is increased in SBFD slot compared to HD slot. Regarding the channel model, large-scale fading is considered only.
Regard of the antenna configuration, the option-2 is applied which is 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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
Based on simulation assumption, same FTP arrival rate is assumed for both HD TDD and SBFD. Other detailed evaluation assumptions are provided in Table 5 in Annex 1.

Table 1. Evaluation assumption on DL/UL packet size
	　
	DL packet size
	UL packet size

	Packet size 1
	4KB
	1KB

	Packet size 2
	0.5MB
	0.125MB



Table 2. Evaluation assumption on ASIR (Adjacent Subband Interference Ratio)
	ASIR_BS_BS
	ASIR_UE_UE

	43dB
	28dB



Under the assumptions, the evaluation results of the legacy TDD operation (i.e., HD only) and SBFD operation (i.e., HD+SBFD) are obtained. Table 6 and Figures 2, 3, 4 and 5 show the evaluation results according to small packet size in Dense Urban deployment scenario with l-layer (i.e., macro layer only). And Table 7 and Figures 6, 7, 8 and 9 show the evaluation results according to large packet size in Dense Urban deployment scenario with l-layer (i.e., macro layer only). Each result shows Type 1/Type 2 RU, mean/5%/50%/95% packet delay of all transmission, and UE average/tail/median throughput of HD TDD and SBFD operation. 

Both of the small packet size case and large packet size case, SBFD operation makes throughput reduction and latency increment in DL but in the case of UL, despite the UE clustering assumption, SBFD can provide throughput enhancement and latency reduction in UL for both packet sizes. For example, in figure 2.(a), 50%ile medium RU UE DL throughput of SBFD is decreased 3.76% than that of TDD and in figure 2(b), 50%ile medium RU UE UL throughput of SBFD is enhanced 303% than that of TDD. The point is the amount of increment of UL throughput is almost 80 times than the amount of decrement of DL throughput. Because of some DL REs turned into UL REs due to the SBFD subband, the opportunity of UL transmissions increases, latency is reduced in SBFD operation.
Contrasting the small packet size, the decrement of DL UE throughput get worse and the increment of UL UE throughput get enhanced in large packet size. For example, in figure 6.(a), 50%ile medium RU UE DL throughput of SBFD operation decrease 20.0% than TDD and in figure 6.(b), 50%ile medium RU UE UL throughput of SBFD operation increase 64.9%. It still has merit in UL but it is observed that the large packet size makes SBFD operation worse than operation in the small packet size

Observation 2: In the case of UL, despite the UE clustering assumption, SBFD can provide throughput enhancement and latency reduction for both packet sizes.
Observation 3: For the smaller the packet size, despite the UE clustering assumption, the higher the UL throughput performance gain and the smaller the DL throughput degradation is obtained for SBFD.

Summary
In this contribution, we discussed the deployment scenarios and evaluation methodology for NR duplex evolution. In addition, some initial evaluation results on subband non-overlapping full duplex were provided. From the discussion and evaluation, we obtained following proposals and observations.

Evaluation Assumption
Observation 1: 
· If observation which ‘Macro gNB to indoor gNB CLI’ affects UL performance of indoor gNB is preferred, an assumption ‘Dropping indoor office/factory in every single macro cell’ seems appropriate.
· If observation which ‘Indoor UE to macro UE CLI’ affects DL performance of indoor UE is preferred, an assumption ‘Dropping only one indoor office/factory in whole network’ seems appropriate.

Proposal 1: For SBFD deployment case 1, not only Urban Macro (FR1) but also Indoor office scenario (FR1) should be included for SLS calibration.
Proposal 2: Indoor office scenario should be added in simulation assumptions for indoor office SLS calibration for SBFD evaluation. Following table can be a starting point for discussion.
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Table 3 Simulation assumptions for Indoor office SLS calibration for SBFD evaluation
	
	Indoor office (FR1) 

	Carrier frequency
	4 GHz

	System bandwidth
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	BS transmit power for SBFD 
	· Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.
· 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]

	UE Tx power
	23dBm

	Macro Layout
	12BSs per 120m x 50m

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
	1m


	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]

	UE distribution
	Uniform

	UE number per macro TRP (per direction) (M) 
	FFS

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

	Indoor UE height (m)
	1.5m

	gNB-UE Channel model 
	TRP-to-UE: InH-Office in TR 38.901

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

	gNB-gNB Channel model (small-scale)
	TRP-to-TRP: InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD

	UE-UE Channel model (large-scale)
	Option 1 : UE-to-UE: A.2.1.2 in TR36.843 (*)
Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)

	UE-UE Channel model (small-scale)
	Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

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

	BS antenna radiation pattern
	reuse Table 10 in Report ITU-R M.2412 (Table A.2.1-7 in TR 38.802)

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

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain

	BS receiver noise figure
	5dB [refer to TR 38.802 Table A.2.1-1]

	UE receiver noise figure
	9 dB [refer to TR 38.802 Table A.2.1-1]

	Open loop power control parameters
	P0= -60 dBm, alpha = 0.6 for InH [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]

	Handover margin (dB)
	3 dB [refer to TR 38.828 Table 5.2.1.4-1]

	UE attachment
	Based on RSRP from port 0 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]




Evaluation Result
Observation 2: In the case of UL, despite the UE clustering assumption, SBFD can provide throughput enhancement and latency reduction for both packet sizes.
Observation 3: For the smaller the packet size, despite the UE clustering assumption, the higher the UL throughput performance gain and the smaller the DL throughput degradation is obtained for SBFD.
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Annex 1. Feature Lead Recommendation in RAN1#110-bis-e meeting [2]
Table 4. Simulation assumptions for SLS calibration for SBFD evaluation
	
	Urban Macro (FR1) 
	Dense Urban Macro Layer (FR2-1)

	Carrier frequency
	4 GHz
	30GHz

	System bandwidth
	100MHz
	100MHz

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

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

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

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

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

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

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

	BS antenna height
	25m
	25m

	UE distribution
	UE Clustering:
	Clustering

	UE number per macro TRP (per direction) (M) 
	20
	20

	UE cluster number per macro cell (X)
	2
	2

	UE outdoor/indoor proportion
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h

	Indoor UE height (m)
	1.5m
	1.5m

	Outdoor UE height (m)
	1.5m
	1.5m

	Radius of cluster (R)
	[25]m
	[25]m

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

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

	gNB-UE Channel model 
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB Channel model (large-scale)
	Macro-to-Macro: UMa in TR 38.901 (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.

	gNB-gNB Channel model (small-scale)
	Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE-UE Channel model (large-scale)
	Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802

	UE-UE Channel model (small-scale)
	Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH) for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA.
	UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

	BS antenna array configuration for SBFD
	SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	BS antenna radiation pattern
	reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
	reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

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

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain
	reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)

	BS receiver noise figure
	5dB
	7 dB

	UE receiver noise figure
	9 dB
	13 dB

	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 
	P0= -86 dBm, alpha = 0.9 

	Handover margin (dB)
	3 dB
	3 dB

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	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)

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

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

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

	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



Annex 2. Evaluation Assumption 

Table 5. Evaluation assumption for SLS
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz (Macro layer)

	Layout
	Dense Urban (macro layer only) : 
Single layers:
- Macro layer: Hex. Grid, 7 BSs, 3 sectors per BS 
 
Min. distance btw macro-to-macro: 200m

	UE distribution
	420 UEs (20 UEs per BS in average)
UE clustering Alt-2. 80% of indoor UEs, 20% of outdoor UEs

Indoor UEs: 1.5m

Min. distance btw macro-to-UE: 35m
Min. distance btw UE-to-UE: 1m

	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Macro Tx power: 44dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- Macro-to-UE: UMa in TR 38.901
- Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
- UE-to-UE: A.2.1.2 in TR36.843, penetration loss between UEs follows Table A.2.1-13 in TS38.802

	Traffic model
	FTP traffic model 3
 
Downlink: 4/500 KB/packet
Uplink: 1/125 KB/packet

	DL/UL resource pattern
	TDD: DDDSUDDDSU
SBFD: DXXXUDXXXU
 
UL/DL configuration in X slot
S=[12D:2G:0U]

DL and UL PRBs in X slot
< ND, NU, NG > = <104, 55, 5>

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
ASIR BS-BS: 43 dB
ASIR UE-UE: 28 dB

	Residual self-interference
	SBFD: 
Residual SI = Tx power - ASIR – SIC
- ASIR: 43 dB
- SIC: 80dB

	Packet dropping timer
	60 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)

	Output
	DL/UL packet delay (slot)
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· Packet delay: slot index of packet transmission completion – slot index of packet generation
· Minimum packet delay: 1 slot

UE average/tail/median DL/UL packet throughput (Mbps)
· UE average DL/UL throughput: Harmonic mean of packet size / packet delay
· UE tail DL/UL throughput: 5%ile of packet size / packet delay
· UE median DL/UL throughput: 50%ile of packet size / packet delay

· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.





Annex 3. Evaluation Results
1. Small packet size

Table 6. DL and UL Resource Utilization of HD TDD and SBFD 
in Dense Urban Macro layer (DL: 4KB, UL: 1KB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	6.7 
	2.0 
	8.6 
	10.0 

	TDD_Medium_RU
	20.0 
	6.0 
	26.0 
	30.0 

	TDD_High_RU
	38.9 
	10.9 
	50.4 
	54.5 

	SBFD_Low_RU
	5.1 
	0.4 
	7.8 
	1.3 

	SBFD_Medium_RU
	15.6 
	1.2 
	23.8 
	3.8 

	SBFD_High_RU
	30.7 
	2.5 
	46.8 
	7.8 


	
[image: ] 
		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	44.15
	49.43
	53.71
	49.2 

	TDD_Medium_RU
	25.60
	39.16
	48.17
	38.2 

	TDD_High_RU
	1.14
	15.51
	38.15
	16.5 

	SBFD_Low_RU
	43.84
	48.88
	53.33
	46.5 

	SBFD_Medium_RU
	22.72
	37.69
	47.16
	35.1 

	SBFD_High_RU
	1.14
	11.59
	35.83
	13.5 





(a) UE average DL throughput (Mbps)
	 [image: ]
		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	3.69
	4.59
	5.61
	4.6 

	TDD_Medium_RU
	1.27
	2.99
	4.28
	2.9 

	TDD_High_RU
	0.30
	0.56
	2.83
	1.0 

	SBFD_Low_RU
	11.50
	12.95
	14.45
	13.0 

	SBFD_Medium_RU
	10.70
	12.04
	13.16
	12.0 

	SBFD_High_RU
	7.75
	10.49
	12.02
	10.3 





(b) UE average UL throughput (Mbps)
Figure 2. DL and UL average throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 4KB, UL: 1KB)

	 [image: ]
		UE median DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	64.00
	64.00
	64.00
	64.0 

	TDD_Medium_RU
	32.00
	64.00
	64.00
	53.4 

	TDD_High_RU
	1.10
	21.33
	64.00
	21.4 

	SBFD_Low_RU
	64.00
	64.00
	64.00
	63.9 

	SBFD_Medium_RU
	32.00
	64.00
	64.00
	51.9 

	SBFD_High_RU
	1.10
	16.00
	64.00
	18.1 





(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	4.00
	5.33
	8.00
	5.1 

	TDD_Medium_RU
	1.60
	4.00
	5.33
	3.5 

	TDD_High_RU
	0.29
	0.59
	3.20
	1.2 

	SBFD_Low_RU
	16.00
	16.00
	16.00
	16.0 

	SBFD_Medium_RU
	16.00
	16.00
	16.00
	16.0 

	SBFD_High_RU
	8.00
	16.00
	16.00
	15.2 





(b) UE median UL throughput (Mbps)
Figure 3. DL and UL median throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 4KB, UL: 1KB)
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		UE tail DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	21.33
	32.00
	32.00
	30.0 

	TDD_Medium_RU
	10.67
	21.33
	32.00
	19.6 

	TDD_High_RU
	1.08
	5.82
	21.33
	7.4 

	SBFD_Low_RU
	21.33
	32.00
	32.00
	29.6 

	SBFD_Medium _RU
	10.67
	21.33
	32.00
	18.4 

	SBFD_High_RU
	1.08
	4.00
	16.00
	6.0 





(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	1.60
	2.29
	3.20
	2.4 

	TDD_Medium_RU
	0.47
	1.23
	2.00
	1.2 

	TDD_High_RU
	0.27
	0.29
	1.14
	0.5 

	SBFD_Low_RU
	5.33
	8.00
	8.00
	7.9 

	SBFD_Medium _RU
	5.33
	8.00
	8.00
	7.2 

	SBFD_High_RU
	3.20
	5.33
	8.00
	5.3 





(b) UE tail UL throughput (Mbps)
Figure 4. DL and UL tail throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 4KB, UL: 1KB)
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		DL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	0.50
	0.50
	1.00
	0.6 

	TDD_Medium_RU
	0.50
	0.50
	1.50
	0.8 

	TDD_High_RU
	0.50
	1.50
	29.00
	7.1 

	SBFD_Low_RU
	0.50
	0.50
	1.00
	0.6 

	SBFD_Medium _RU
	0.50
	0.50
	2.00
	0.8 

	SBFD_High_RU
	0.50
	2.00
	29.00
	8.1 





(a) DL packet latency (slot)
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		UL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	0.50
	1.50
	3.50
	1.8 

	TDD_Medium_RU
	0.50
	2.50
	9.00
	3.2 

	TDD_High_RU
	1.00
	11.50
	29.00
	13.7 

	SBFD_Low_RU
	0.50
	0.50
	1.00
	0.6 

	SBFD_Medium _RU
	0.50
	0.50
	1.00
	0.7 

	SBFD_High_RU
	0.50
	0.50
	1.50
	0.8 





(b) UL packet latency (slot)
Figure 5. DL and UL latency performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 4KB, UL: 1KB)

1. 
2. Large packet size 

Table 7. DL and UL Resource Utilization of HD TDD and SBFD 
in Dense Urban Macro layer (DL: 0.5MB, UL: 0.125MB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	9.1 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	20.4 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	50.7 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	8.4 
	0.7 
	12.8 
	2.2 

	SBFD_Medium_RU
	18.9 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	39.3 
	5.8 
	59.8 
	18.0 




	[image: ] 
		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	280.50
	453.75
	615.38
	452.4 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	219.80
	320.80
	489.80
	333.8 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	146.34
	171.11
	213.97
	175.9 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	228.57
	360.36
	505.04
	346.6 
	0.7 
	12.8 
	2.2 

	SBFD_Medium _RU
	179.37
	256.76
	378.28
	252.1 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	139.13
	166.67
	203.88
	159.6 
	5.8 
	59.8 
	18.0 





(a) UE average DL throughput (Mbps)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	36.70
	47.62
	64.52
	36.70

	TDD_Medium_RU
	36.36
	46.65
	60.61
	36.36

	TDD_High_RU
	35.71
	43.64
	52.98
	35.71

	SBFD_Low_RU
	60.61
	90.91
	119.21
	60.61

	SBFD_Medium _RU
	53.48
	76.92
	106.01
	53.48

	SBFD_High_RU
	44.53
	56.56
	75.64
	44.53





(b) UE average UL throughput (Mbps)
Figure 6. DL and UL average throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 0.5MB, UL: 0.125MB)
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		UE median DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	307.69
	533.33
	213.97
	514.0 

	TDD_Medium_RU
	230.37
	380.95
	615.38
	398.4 

	TDD_High_RU
	142.86
	166.67
	228.57
	175.6 

	SBFD_Low_RU
	245.42
	432.75
	203.88
	421.0 

	SBFD_Medium _RU
	188.26
	296.30
	500.00
	312.7 

	SBFD_High_RU
	140.35
	166.67
	219.33
	171.7 





(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	37.04
	48.78
	66.67
	37.04

	TDD_Medium_RU
	36.36
	48.26
	63.51
	36.36

	TDD_High_RU
	35.71
	45.45
	58.82
	35.71

	SBFD_Low_RU
	66.67
	95.24
	125.00
	66.67

	SBFD_Medium _RU
	58.82
	87.12
	117.65
	58.82

	SBFD_High_RU
	44.44
	62.56
	95.24
	44.44





(b) UE median UL throughput (Mbps)
Figure 7. DL and UL median throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 0.5MB, UL: 0.125MB)
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		UE tail DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	156.86
	275.86
	533.33
	299.8 

	TDD_Medium_RU
	137.93
	173.91
	296.30
	189.6 

	TDD_High_RU
	135.59
	137.93
	150.94
	140.4 

	SBFD_Low_RU
	140.35
	210.53
	400.00
	231.2 

	SBFD_Medium _RU
	135.59
	150.94
	210.53
	158.6 

	SBFD_High_RU
	135.59
	137.93
	156.86
	140.9 





(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	35.09
	45.45
	62.50
	35.09

	TDD_Medium_RU
	33.90
	40.00
	57.14
	33.90

	TDD_High_RU
	33.90
	35.09
	42.55
	33.90

	SBFD_Low_RU
	46.04
	83.33
	117.65
	46.04

	SBFD_Medium _RU
	35.71
	51.28
	95.24
	35.71

	SBFD_High_RU
	33.90
	36.36
	46.02
	33.90





(b) UE tail UL throughput (Mbps)
Figure 8. DL and UL tail throughput performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 0.5MB, UL: 0.125MB)
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		DL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	6.00
	8.00
	17.50
	9.4 

	TDD_Medium_RU
	6.00
	11.00
	24.50
	12.6 

	TDD_High_RU
	8.50
	23.00
	29.50
	21.5 

	SBFD_Low_RU
	7.00
	10.00
	22.00
	11.6 

	SBFD_Medium _RU
	7.50
	14.00
	27.00
	15.4 

	SBFD_High_RU
	10.50
	24.00
	29.50
	22.4 





(a) DL packet latency (slot)
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		UL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	15.00
	20.50
	27.50
	20.7 

	TDD_Medium_RU
	15.50
	21.00
	28.00
	21.2 

	TDD_High_RU
	16.00
	22.50
	29.00
	22.4 

	SBFD_Low_RU
	8.00
	10.50
	17.50
	11.5 

	SBFD_Medium _RU
	8.50
	12.00
	23.00
	13.2 

	SBFD_High_RU
	9.50
	16.50
	28.00
	17.4 





(b) UL packet latency (slot)
Figure 9. DL and UL latency performance of HD TDD and SBFD
 in Dense Urban Macro layer (DL: 0.5MB, UL: 0.125MB)
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