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Deployment scenarios for FR1
Several agreements have been achieved in RAN1#109 e-meeting [1] as follows. We discuss remaining issues for deployment scenarios.
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.

Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· [bookmark: _Hlk103319711]FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.

Updated proposal 1-4b:
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· FR1: Urban Macro
· FR2-1: Dense Urban Macro layer
· FFS: UE outdoor/indoor proportion, clustering, etc
· FFS: the grid shift between two networks, e.g., 0%, 100%
· FFS: Indoor hotspot, Dense Urban Micro layer





1.1. Indoor office
Detailed parameters for Indoor office (or Indoor hotspot) specified in RP-180524 (Calibration results for self-evaluation), TR38.802, and TR38.901 are summarized in Table 1.
The number of antenna elements per TRxP
The only difference among 3 documents is whether or not the number of antenna panels in horizontal domain is 1 or 2 whereas all 3 documents support {M,N,P} = {4,4,2}. In our view, {M,N,P} = {4,4,2} could be the baseline assumption and the number of antenna panels could be more than 1.
Proposal 1: For Indoor office scenario, {M,N,P} = {4,4,2} is the baseline assumption for TRxP antenna configuration. The number of antenna panels could be more than 1.
The number of UE antenna elements
The number of antenna elements should be not less than 4 because of NR mandatory feature. If RedCap UE should be included in the scope of the duplex study, we can consider 2 as well.
Proposal 2: For Indoor office scenario, the number of antenna elements could be 4 or larger. If RedCap UE should be included in the scope of the duplex study, we can consider 2 as well.
BS antenna element gain and pattern
There are two different configurations as follows:
· Configuration 1: , and the maximum gain = 5 dBi
· Configuration 2: , and the maximum gain = 8 dBi
In Indoor office scenario, ceil-mounted antennas with  mechanical tilt are assumed. Therefore, larger half width (i.e., Configuration 1) should be better, to cover wider area. Therefore, we propose as follows:
Proposal 3: For Indoor office scenario, BS antenna pattern is , and the maximum gain = 5 dBi.

Table 1: Summary of parameters for Indoor office (or Indoor hotspot) specified in RP-180524 (Calibration results for self-evaluation), TR38.802, and TR38.901
	
	Self-evaluation (RP-180524)
	TR38.802
	TR38.901

	BS antenna height
	3 m
	3 m
	3 m

	Total transmit power per TRxP
	Baseline: 21 dBm for 10MHz bandwidth
	Baseline: 24 dBm for 20 MHz bandwidth
	24 dBm

	UE power class
	23 dBm
	23 dBm
	

	Inter-site distance
	20m
	20 m
	20 m

	Number of antenna elements per TRxP
	32Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization
	Baseline: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), (dH, dV) = (0.5, 0.5)λ
	Config 1: M = 4,N = 4,P = 2, Mg = 1, Ng = 2, dH = dV = 0.5λ, dH,g = dV,g = 2.5λ
Config 2: Mg = Ng = 1, M = N = 2, P = 1

	Number of TXRU per TRxP
	32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
(1-to-1 mapping)
	8, 16, or 32 TXRU
	

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	
	M = N = 1, P = 2

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	
	

	BS noise figure
	5 dB
	5 dB
	

	UE noise figure
	7 dB 
	9 dB
	9 dB

	BS antenna element gain
	5 dBi 
	8 dBi
	8 dBi

	BS antenna element pattern
	



	



	




	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional
	Omni-directional

	UE antenna height
	1.5m
	1.5m
	1m



1.2. Urban Macro
Detailed parameters for Urban macro specified in RP-180524 (Calibration results for self-evaluation), TR38.802, and TR38.901 are summarized in Table 1.
Penetration loss assumption
Penetration loss assumption for indoor UEs affects the interference level. Therefore, it is preferred to align the penetration loss assumption for SBFD and dynamic/flexible TDD.
Number of antenna elements per TRxP and Electric tilt
Electric tilt is available for mitigating gNB-to-gNB CLI. Therefore, detailed design on electric tilt as well as gNB antenna configuration can be up to companies to report.
Proposal 4: Detailed design on electric tilt as well as gNB antenna configuration can be up to companies to report.
Table 2: Summary of parameters for Urban macro specified in RP-180524 (Calibration results for self-evaluation), TR38.802, and TR38.901
	
	Self-evaluation (RP-180524)
	TR38.802
	TR38.901

	BS antenna height
	25 m
	25 m
	25 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth
	49 dBm per 20 MHz bandwidth
	49 dBm for 20 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	

	Percentage of high loss and low loss building type 
	100% low loss (applies to Channel model B)
	Option1 (80% Low loss, 20% High loss)
Option 2 (50% Low loss, 50% High loss)
	50% Low loss, 50% High loss

	Inter-site distance
	500 m
	500 m
	500 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8, 16, 2, 1, 1)
(dH,dV) = (0.5, 0.8)λ
	Config 1: M = 4,N = 4,P = 2, Mg = 1, Ng = 2, dH = dV = 0.5λ, dH,g = dV,g = 2
Config 2: Mg = Ng = 1, M = N = 2, P = 1

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	8, 16, 32, 64 TXRU for (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
8, 16, 32 TXRU for (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1)
	

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°, 90° polarization
	
	M = N = 1, P = 2

	Number of TXRU per UE
	4TXRU (1-to-1 mapping)
	
	

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
	

	BS noise figure
	5 dB
	5 dB
	

	UE noise figure
	7 dB 
	9 dB
	9 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	BS antenna element pattern
	



	



	




	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional
	Omni-directional

	UE antenna height
	1.5 m
	1 m
	1 m

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

	Electronic tilt
	[99°] in LCS
	102°
	102°

	Minimum distance of TRxP and UE
	d2D_min=10m 
	
	10 m



Remaining issues on evaluation assumptions
Several agreements have been achieved in RAN1#109 e-meeting [1] as follows. We discuss remaining issues for evaluation assumptions.
	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

Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel/co-channel coexistence studies

Agreement
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband

Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (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#2 (XXXXU), 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.
· 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 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), 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.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.

Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modelled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).

Agreement
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications

Agreement
For SBFD simulation, consider 4GHz for FR1 and 30GHz for FR2-1.

Agreement
For evaluation and comparison between SBFD and legacy TDD, assume 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. Regarding antenna elements, both of the two options can be used.
· Opt 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.
· Opt 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.
· Companies report which option is assumed in their simulation.

Agreement
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· FR1: Urban Macro
· FR2-1: Dense Urban Macro layer
· FFS: UE outdoor/indoor proportion, clustering, etc
· FFS: the grid shift between two networks, e.g., 0%, 100%
· FFS: Indoor hotspot, Dense Urban Micro layer






1.3. LoS probability
To model channels for gNB-gNB/UE-UE links, LoS probability should be developed. For indoor hotspot deployment, major factors for NLoS condition could be walls, or large furniture. Therefore, LoS probability for gNB-gNB/UE-UE links has similarity with gNB-UE links. Therefore, we propose the following:
Proposal 5: For indoor hotspot, reuse LoS probability formula for gNB-UE links for gNB-gNB/UE-UE links.
For Urban Macro, the gNB mounted on large buildings (25 m height in typical evaluation assumption). Therefore, 100% LoS probability can be assumed for gNB-gNB links.
On the other hand, UE-UE links may be assumed as NLoS in most cases. Due to the high density of buildings, it is expected that LoS probability for UE-UE links may be equal to or smaller than that for gNB-UE links. For simplicity, LoS probability for gNB-UE links can be reused for UE-UE links. 
Proposal 6: For Urban Macro, 100% LoS probability can be assumed for gNB-gNB links.
Proposal 7: For Urban Macro, LoS probability formula for gNB-UE links can be assumed for UE-UE links.
Preliminary evaluation results
Observations should be made after RAN4 input on SI/CLI modeling has been received. Therefore, the results are only for informative.
Figure 1 shows UPT (User Perceived Throughput) performance comparison between semi-static TDD and semi-static SBFD with the simulation assumption described in Table A1 for high load case (i.e., resource utilization is around 60%). In the result, self-interference at gNB is not modeled, and gNB-to-gNB/UE-to-UE CLI are modeled. For ACIR values of those CLIs, values specified in TR38.828 has been reused. We can see that uplink UPT is improved in any user conditions (5%-tile, 50%-tile, 95%-tile). This suggests that, with the CLI assumption specified in TR38.828, impact on UE-to-UE CLI could be minor in InH with the specific simulation assumption as in Table A1. 
After RAN4 input on SI/CLI has been received, impact on SI/CLI should be carefully evaluated and discussed in various scenarios.
	[image: ]
	 [image: ]

	Figure 1A: 5%-tile user perceived throughput
	Figure 1B: 50%-tile user perceived throughput
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	Figure 1C: 95%-tile user perceived throughput
	Figure 1D: Mean user perceived throughput


Conclusion
In this contribution, we have the following proposals:
Proposal 1: For Indoor office scenario, {M,N,P} = {4,4,2} is the baseline assumption for TRxP antenna configuration. The number of antenna panels could be more than 1.
Proposal 2: For Indoor office scenario, the number of antenna elements could be 4 or larger. If RedCap UE should be included in the scope of the duplex study, we can consider 2 as well.
Proposal 3: For Indoor office scenario, BS antenna pattern is , and the maximum gain = 5 dBi.
Proposal 4: Detailed design on electric tilt as well as gNB antenna configuration can be up to companies to report.
Proposal 5: For indoor hotspot, reuse LoS probability formula for gNB-UE links for gNB-gNB/UE-UE links.
Proposal 6: For Urban Macro, 100% LoS probability can be assumed for gNB-gNB links.
Proposal 7: For Urban Macro, LoS probability formula for gNB-UE links can be assumed for UE-UE links.
Annex
Table A1 shows simulation assumptions for SLS results.
Table A1: SLS simulation assumptions
	Parameters
	Values

	Simulation Scenario
	InH

	The number of sectors per BS
	1

	Carrier frequency
	4 GHz

	Channel bandwidth
	100 MHz

	Transmission bandwidth configuration
	273 RBs

	Subcarrier spacing
	30 kHz

	FFT size
	4096

	Noise floor
	-174 dBm

	
	

	BS antenna configuration
	[M,N,P] = [1,1,2]

	BS antenna port configuration
	1 port

	BS antenna pattern
	Directional

	BS Tx power
	24 dBm

	BS Tx gain
	5 dB

	BS noise figure
	5 dB

	BS mechanical tilt
	180 degrees

	BS electrical tilt
	90 degrees

	BS height
	3 m

	BS half value for vertical
	90 degrees

	BS half value for horizontal
	90 degrees

	SLAv
	25 dB

	Am
	25 dB

	
	

	UE antenna configuration
	[M,N,P] = [1,1,2]

	UE antenna port configuration
	1 port

	UE antenna pattern
	Omni-directional

	UE maximum Tx power
	23 dB

	UE Noise figure
	9 dB

	UE speed
	3 km/h

	UE height
	1.5 m

	
	

	TDD pattern
	DDDSU or DXXXU (X denotes SBFD slot)

	Special slot configuration
	12D2F0U

	Subband configuration
	[D,U,D] = [106, 51, 106] RBs

	
	

	RBG size for PDSCH
	4 RBs

	DMRS mapping for PDSCH
	3rd, 7th, and 11th symbol

	MMSE IRC for PDSCH
	off

	
	

	RBG size for PUSCH
	Wideband allocation

	DMRS mapping for PUSCH
	3rd, 7th, and 11th symbol

	MMSE IRC for PUSCH
	off

	
	

	CQI reporting period
	Once per 50 TTIs

	CQI reporting delay
	2 TTIs

	CQI reporting mode
	Subband reporting

	
	

	Scheduler
	Subband PF

	Open loop link adaptation
	ON
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