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In RAN#95 meeting, a revised SID on NR duplex evolution has been endorsed [1]. In this contribution, we provide our analysis for deployment scenario, interference model, evaluation methodology, simulation assumptions and simulation results.
General considerations
The main limitation of conventional TDD system is the UL, i.e., UL throughput, UL coverage and DL&UL latency. However, for legacy TDD system, UL throughput, UL coverage and DL&UL latency can already be ensured separately by different techniques. For example, UL throughput can be improved by UL MIMO and allocating more UL symbols in each TDD periodicity. Rel-16/17 has specified several solutions in URLLC to reduce UL latency, e.g., mini-slot PUCCH. Furthermore, considering that Rel-17 coverage WI has finalized some enhancements for PUCCH, PUSCH and Msg3, the coverage for UL has been improved a lot. 
The main challenges for the conventional TDD system are ensuring more than one of UL throughput, UL coverage and DL&UL latency simultaneously. 
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously, e.g., video surveillance. 
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously, e.g., machine vision.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously, e.g., condition monitoring sensors for safety. 
If we further consider DL together with UL, we can assume that DL coverage is not an issue for conventional TDD system. Then the main challenges for conventional TDD are ensuring DL throughput + one of UL throughput, UL coverage and DL&UL Latency together.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously, e.g., online gaming. 
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously, e.g., XR.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously, e.g., high-definition live video stream. 


Figure 2-1: Challenges of the conventional TDD operation.
Rel-18 duplex evolution should consider these above 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
Proposal 1: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.
Scenarios
After RAN1#110bis-e meeting, most of the simulation scenarios for each deployment have been finalized. In RAN1#110 meeting, it has been agreed that evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority. 
For SBFD Deployment Case 2, different cells belonging to the same operator use different SBFD configurations. This scenario mainly happens in Hetnet, e.g., dense urban. For example, Macro and Micro cells use different SBFD configuration. This scenario may also happen in urban scenario where different areas are dominated by different traffics. Thus, base stations in different areas may need to use different SBFD configurations. Thus, the following scenarios are proposed for Deployment Case 2. 
For SBFD Deployment Case 3, some of the cells use legacy TDD configuration while some other cells use SBFD configuration. This is also likely to happen in Hetnet, e.g., dense urban or Urban Macro + Indoor office. For example, Macro cells use legacy TDD and Micro cells use SBFD configuration. This scenario may also happen in urban scenario where different areas are dominated by different traffics. Thus, base stations in different areas may choose to use SBFD configuration or legacy TDD configuration based on its dominant traffic. Thus, the following scenarios are proposed for Deployment Case 3.
Proposal 2: Consider the following scenarios for SBFD deployment Case 2 and Case 3-1 for evaluation as low priority if time allows.
For SBFD Deployment Case 2, 
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
For SBFD Deployment Case 3-1, 
· For FR1,
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

With the above proposal, the scenarios for SBFD and dynamic TDD can be summarized as following.
	
	Deployment scenarios
	FR1
	FR2-1

	SBFD
	Deployment Case 1
(Higher priority)
	Indoor office
Urban macro 
Dense Urban with 1-layer or 2-layer 
	Indoor office
Dense Urban Macro layer
Dense Urban micro

	
	Deployment Case 2
	Dense Urban with 2-layer
Urban macro
	Dense Urban Macro layer
Dense Urban micro

	
	Deployment Case 3-1
	Urban macro
	Dense Urban Macro layer
Dense Urban micro

	
	Deployment Case 3-2
(Higher priority)
	HetNet with Urban Macro and Indoor office/factory, e.g., Macro is legacy TDD and micro applies the same SBFD configurations
	

	
	Deployment Case 4
(Higher priority)
	Urban Macro
	Dense Urban Macro layer

	Dynamic TDD
	1-layer scenario
	Indoor office with dynamic TDD UL/DL assignment
Urban Macro with dynamic TDD UL/DL assignment
	Indoor office with dynamic TDD UL/DL assignment
Dense Urban Macro layer with dynamic TDD UL/DL assignment

	
	2-layer scenario
	HetNet with Urban Macro and Indoor office/factory
	


Interference model
In RAN1#110bis-e meeting, the following interference model for gNB self-interference is assumed from RAN1 perspective.
	Agreement
RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.
· For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
· Using to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption
· 
·  is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
·  is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the total number of UL RBs in the UL subband.
· Note:  is in linear scale
· RAN1 further makes a simple assumption that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by
· 
·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.
· Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2
· Also ask RAN4 if the above is applicable to other subband configurations



gNB-gNB co-channel inter-subband interference
In addition, RAN1 agreed the following interference models for gNB-gNB co-channel inter-subband interference. The interference model for selectivity is still pending.
	Agreement
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
·  
·  is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
· FFS: the detailed definition of the coupling loss, which can be discussed later
·  is the total number of DL RBs in the DL subbands
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
· Send LS to RAN4 to confirm RAN1’s understanding

Agreement
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.




The following selectivity model discussed in RAN1#110bis-e meeting can be the starting point.
·  is the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB.

Proposal 3: Take the following selectivity model for gNB-gNB co-channel inter-subband interference as starting point
·  is the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB.

gNB-gNB adjacent channel interference model
If the detailed traffic scheduling is simulated in the adjacent-channel gNB, then the following interference model for gNB-gNB adjacent channel interference can be applied. Note that for adjacent channel, only large scaling fading is modelled.
·  
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
·  is the total number of DL RBs in the DL subbands

If the adjacent-channel gNB is always assumed as full buffer, then all the DL RBs are used in all the symbols. In this case, the interference model can be simplified as the following.
· 
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.

Proposal 4: Adopt the following interference model for gNB-gNB adjacent channel interference 
· If the detailed traffic scheduling is simulated in the adjacent-channel gNB:
·  
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
·  is the total number of DL RBs in the DL subbands
· If the adjacent-channel gNB is always assumed as full buffer:
· 
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.

UE-UE co-channel inter-subband interference model
Unlike the gNB, maximum output power for UE can be assumed the same regardless of the number of scheduled UL RBs. In this case, the co-channel inter-subband interference on DL subband is the same no matter how many UL RBs are occupied.
·  
·  is the power of UE-UE co-channel inter-subband CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

Proposal 5: Adopt the following interference model for UE-UE co-channel inter-subband interference
·  
·  is the power of UE-UE co-channel inter-subband CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

UE-UE adjacent channel interference model
Unlike the gNB, maximum output power for UE can be assumed the same regardless of the number of scheduled UL RBs. Then the following interference model for UE-UE adjacent channel interference can be applied. Note that for adjacent channel, only large scaling fading is modelled.
·  
·  is the power of UE-UE adjacent-channel CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

Proposal 6: Adopt the following interference model for 4.4	UE-UE adjacent channel interference model
·  
·  is the power of UE-UE adjacent-channel CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

Simulation assumptions
First of all, system level simulation is needed to evaluate the potential gain of subband full duplex, e.g., the gain of UL throughput, UL coverage and latency. In addition to system level simulation, we are also open to other simulation methods if deemed necessary.
For system evaluation, the DL and UL need to be simulated simultaneously in the same system in order to evaluate the DL/UL interference and comprehensively understand the potential gain and impact to both DL and UL.
gNB distribution
In RAN1#110bis-e meeting, Urban Macro + Indoor office has been agreed as the simulation scenario for SBFD deployment Case 3-2. Most of the simulation assumptions for this scenario have been finalized. 
	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



However, the minimum distance between the centre of indoor office and UMA is still not decided. In 38.828, the minimum distance between Macro to Indoor is set as [35]m. This is the minimum distance between Macro to the outer edge of indoor office instead of the centre of indoor office. In simulation, it is more implementation friendly to define the minimum distance between the centre of indoor office and UMA.
From our perspective, the minimum distance between the centre of indoor office and UMA can be set as 100m as starting point.
Proposal 7: For HetNet with UMA and Indoor office, the minimum distance between the centre of indoor office and UMA is set as 100m.


UE distribution
In RAN1#110bis-e meeting, it has been agreed that 2 UE clusters are considered as baseline for SBFD simulation. The pending issue is the range of UE cluster.
	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



Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
· R =[25] m, Dmacro-to-cluster = 35m+R, Dinter-cluster = 2R m. 
Note: the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
For calibration purposes, assume clustering with R=25



Regardless of Alt-2 or Alt-3, there will be 8 UEs per UE cluster. Companies argued that R=25 may make the UE-to-UE CLI negligible. In order to properly simulate the UE-to-UE CLI, two options can be considered and it is up to companies to report the option they simulated, i.e., Option1: R=25m and Option2: R=12.5m.
Overall, we have the following proposal.
Proposal 8: For UE clustering distribution of Urban Macro and Dense Urban Macro layer, it is up to companies to report the options they applied.
· Option1: R =25 m, Dmacro-to-cluster = 60m, Dinter-cluster = 50m
· Option2: R =12.5 m, Dmacro-to-cluster = 47.5m, Dinter-cluster = 25m
Coverage simulation
In RAN1#110bis-e meeting, companies discussed the following proposal for LLS. The main controversial part is how to consider the interference in the LLS for coverage. 
	Proposal:
RAN1 agrees link-level simulations (LLS) may be performed for various purposes related to SBFD performance and feasibility in both FR1 and FR2, interested companies may perform LLS for any of the following purposes:
· Baseline: To evaluate coverage performance
· Option 1 (Baseline): Take link level evaluation methodology in TR 38.830 (i.e., LLS + Link budget analysis) as starting point to evaluate the coverage performance (e.g., MPL, MCL, MIL) for SBFD.
· Other options are not precluded 
· Optional: 
· To evaluate advanced receivers and realistic demodulation performance
· To evaluate UE-UE CLI mitigation performance 
· To evaluate gNB-gNB CLI mitigation performance
· To evaluate feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains 
· FFS: Link level assumptions and methodology, realistic TX/RX non-linearity modeling and self-interference channel modeling
LLS for other purposes are not precluded.



To bypass the controversial issue on how to simulate different interference in LLS, the interference derived in the SLS can be reused for LLS. Based on this principle, the following two methods can be considered.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1) considering the legacy interferences;
Step2: Perform LLS for legacy TDD system to get the target SNR (SNR#1) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#2) considering the legacy interferences and SBFD interferences;
Step4: Perform LLS for SBFD system to get the target SNR (SNR#2) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SNR#1) with gap (SINR#2 – SNR#2) to determine if SBFD system can improve the coverage.

Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels (e.g., interference levels for the 5%-tile SINR UE or 5%-tile of the interference levels);
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.

Proposal 9: Consider the following methods for coverage evaluation for SBFD.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1) considering the legacy interferences;
Step2: Perform LLS for legacy TDD system to get the target SNR (SNR#1) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#2) considering the legacy interferences and SBFD interferences;
Step4: Perform LLS for SBFD system to get the target SNR (SNR#2) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SNR#1) with gap (SINR#2 – SNR#2) to determine if SBFD system can improve the coverage.
Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels for the 5%-tile UE;
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.
Power allocation of gNB
In RAN1#110 meeting, the following antenna options are discussed and agreed for simulation.
	Option1 Method1
	[image: ]

	Option2
Method 2-1
	[image: ]

	Option2
Method 2-2
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	Option3
Method 3-1
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	Option3
Method 3-2
	[image: ]



For all the options and methods, only K/2 Tx chains are applied during the SBFD slots/symbols. In addition, for Option3 Method 3-1 and Option3 Method 3-2, only K/2 Tx chains are applied during the DL slots/symbols. For all these case with only K/2 Tx chains, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.
Proposal 10: Regarding power allocation of gNB for SBFD,for the case when only K/2 Tx chains are applied, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.
SLS Calibration
Simulation assumptions for calibration
Based on the moderator suggested calibration assumptions in section 5 of R1-2210779, we perform a SLS calibration for evaluation of SBFD operation. For FR1, according to RAN1#110 Working assumption, there are two options for UE-UE channel model as shown below, thus, we provided coupling loss of UE-UE based on UMi-Street canyon in TR 38.901 and D2D in TR36.843. As shown in Appendix 10.1, the general calibration assumptions are captured in Table 10-1a and D2D’s large scale channel model is captured in Table 10-1b. 
	RAN1#110 Working assumption
For UE-UE channel model, reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 as baseline, and other models are not precluded.
	
	 Dense urban,Urban macro

	Large-scale channel parameters
	FR1:
· 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
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
FR2-1:
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

	Fast fading parameters
	FR1:
· 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. 
· Optioin 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

FR2-1:
UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.






Based on RAN1#110bis-e agreement, the SLS calibration of SBFD focuses on Urban Macro for FR1 and Dense Urban Macro layer for FR2-1. In this calibration, we provided results for the following metrics:
· gNB-UE coupling loss
· Inter-gNB coupling loss
· Inter-UE coupling loss
In our simulation, the following definition of coupling loss as suggested by moderator previously is applied.   
	Consider following for the definition of coupling loss ( from Tx antenna port p of transmitter A to Rx antenna port u of receiver B:
If both large scale fading and small scale fading are modeled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (1) which is based on formula (B.1-2) in TR 37.910.


If only large scale fading is modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (2).

           (3)
Where
·  () represents a complex weight vector used for virtualization of Tx antenna port p of transmitter , and  () represents a complex weight vector used for virtualization of Rx antenna port u of receiver .
· Formula (3) can be understood according to equation (7.5-29) in TR38.901.
Regarding SLS calibration, consider the following:
· For CDF of gNB-UE coupling loss, only the coupling losses between each UE and its serving cell are collected for CDF statistic.
·   and  are determined by selecting the best beam pair of the UE and its serving cell with the criteria of maximizing receive power of the UE.
· For CDF of gNB-gNB coupling loss, 
· For one SLS drop, generate channels among gNBs, calculate and collect the coupling loss for each gNB pair
· The two gNBs in each gNB pair should be from different sites.
· Both  and  are randomly selected for calculating the coupling loss for each gNB pair.
· Run multiple SLS drops and plot the CDF using the collected coupling losses.
· For CDF of UE-UE coupling loss,
· For one SLS drop, drop UEs in the network and generate channels among UEs, calculate and collect the coupling loss for each UE pair
· If the 2D distance between two UEs in a UE pair is larger than 50m, the UE pair is not considered for statistic.
· For each UE, or  is determined based on the best beam pair of the UE and its serving cell.
· Run multiple SLS drops and plot the CDF using the collected coupling losses.
· Note: Formula (2) for CL with averaging across all the Tx/Rx ports is used for coupling loss calculation above



Calibration results
[bookmark: _GoBack]Below are the preliminary calibration results which may be updated later on. Due to the limited time, calibration results for FR1 and FR2 are added in this contribution. 

Observation 1: Calibration results for coupling loss for SBFD are as following.
· Note1: “CouplingLoss of UE2UE(901)” refers to UE to UE channel mode based on UMi-Street canyon in TR 38.901.
· Note2: “CouplingLoss of UE2UE(D2D)” refers to UE to UE channel mode based on D2D in TR36.843.
	

	[image: ]



Preliminary simulation results
Simulation assumptions
We perform SLS and get some preliminary simulation results for Indoor Hotspot and Dense urban (two layers). In RAN1#110 meeting, several antenna configurations were agreed. Considering different antenna configurations may have big impact on the SBFD performance especially if different antenna configurations are configured with different antenna elements. Thus, in this section, we provided simulation results for “SBFD Option1-Method 1” and “SBFD Option2: Method 2-1”.
	SBFD Option1-Method 1
	[image: ]

	SBFD Option2: Method 2-1
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Two baseline TDD slot formats are assumed in our simulation. 
· Baseline#1: (DDSUU), in this case, the DL/UL resource ratio is almost the same as SBFD (XXXXU).
· Baseline#2: (DDDSU), in this case, the UL resource in SBFD (XXXXU) is increased compared with baseline#2.
The simulation assumptions for “SBFD Option2: Method 2-1” and Legacy TDD slot format using Baseline #2 are captured in our contribution R1-2205959 submitted in RAN1#110 meeting. The results are copied in this section and the simulation assumptions for“SBFD Option2: Method 2-1” are captured in the Appendix 10.2 as well for convenient comparison. The simulation assumptions for “SBFD Option1: Method 1” are captured in Appendix 10.3. 
Due to the limited simulation time, the simulation assumptions for “SBFD Option1: Method 1” and “SBFD Option2: Method 2-1” are not aligned yet. Although the simulation assumptions are not exactly the same, some high-level observations can be drawn based on the existing simulation results. 
Simulation results
Indoor Hotspot
SBFD Option2: Method 2-1
	Table 5-1: Indoor Hotspot λd/ λu : 10/1.25

	DL: Mean of Average UPT
	DL latency
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DL performance based on 83.13% RU for Legacy TDD and 92.22% RU for SBFD
	


	UL: Mean of Average UPT
	UL latency
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UL performance based on 51.46% RU for Legacy TDD and 14.10% RU for SBFD
	




	Table 5-2: Indoor Hotspot λd/ λu : 2.5/1.25

	DL: Mean of Average UPT
	DL latency
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DL performance based on 4.30% RU for Legacy TDD and 6.52% RU for SBFD
	


	UL: Mean of Average UPT
	UL latency
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UL performance based on 48.73% RU for Legacy TDD and 10.10% RU for SBFD
	




	Table 5-3: Indoor Hotspot λd/ λu : 10/0.8

	DL: Mean of Average UPT
	DL latency
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	UL: Mean of Average UPT
	UL latency
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UL performance based on 10.46% RU for Legacy TDD and 6.21% RU for SBFD
	


	Table 5-4: Indoor Hotspot λd/ λu : 2.5/0.8

	DL: Mean of Average UPT
	DL latency
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DL performance based on 4.30% RU for Legacy TDD and 6.52% RU for SBFD
	


	UL: Mean of Average UPT
	UL latency
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UL performance based on 9.99% RU for Legacy TDD and 4.85% RU for SBFD
	




SBFD Option1-Method 1
Table.5-5: DL Performance metric for Indoor Hotspot 
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -3.78%

	
	
	
	Gain over Baseline#2: -26.21%

	Unfinished/dropped packet rate
	5.08%
	3.53%
	3.15%

	
	Type-1 RU
	13.30%
	12.24%
	13.16%

	
	Type-2 RU
	22.16%
	15.29%
	21.66%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -11.94%

	
	
	
	Gain over Baseline#2: -34.45%

	Unfinished/dropped packet rate
	5.45%
	5.35%
	4.07%

	
	Type-1 RU
	25.11%
	23.19%
	30.54%

	
	Type-2 RU
	41.85%
	28.99%
	50.28%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -16.65%

	
	
	
	Gain over Baseline#2: -39.98%

	Unfinished/dropped packet rate
	5.39%
	5.46%
	4.71%

	
	Type-1 RU
	31.86%
	29.40%
	40.04%

	
	Type-2 RU
	53.10%
	36.75%
	65.93%



Table.5-6: UL Performance metric for Indoor Hotspot
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -46.58%

	
	
	
	Gain over Baseline#2:+22.79%

	Unfinished/dropped packet rate
	0.10%
	0.20%
	0.17%

	
	Type-1 RU
	5.37%
	5.04%
	5.32%

	
	Type-2 RU
	13.43%
	25.18%
	14.99%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -48.46%

	
	
	
	Gain over Baseline#2: +26.8%

	Unfinished/dropped packet rate
	0.00%
	0.06%
	0.15%

	
	Type-1 RU
	8.27%
	8.24%
	8.44%

	
	Type-2 RU
	20.68%
	41.22%
	23.80%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -49.54%

	
	
	
	Gain over Baseline#2: +30.55%

	Unfinished/dropped packet rate
	0.08%
	0.26%
	0.18%

	
	Type-1 RU
	10.34%
	10.15%
	10.35%

	
	Type-2 RU
	25.85%
	50.77%
	29.18%


Observations
For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, the main simulation assumptions are captured in Appendix 10.2 and detailed simulation assumptions can be found in our previous RAN1 contribution R1-2205959 submitted in RAN1#110 meeting. For this case, only baseline#2 is considered for comparison. Compared with baseline#2, the DL resources are reduced in SBFD system. That’s the reason why some DL performance loss is observed for most of the simulation cases. UL performance gain is observed due to the increased UL resources and more transmission opportunities for UL.
For Indoor Hotspot scenarios with SBFD Option1-Method 1, the number of antenna elements and the number of applied Tx chains or Rx chains during SBFD symbols are reduced to half. Theoretically, this may lead to 3dB performance loss due to the impact on UL beam forming gain at the gNB side. Similar issue also happens for DL. That’s why DL and UL performance loss are observed in this case.
Based on the simulation results, we draw the following observations. 
Observation 2: For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU. The gain for the case of higher RU is larger than that for lower RU.
· DL latency is increased and UL latency is reduced.
Observation 3: For Indoor Hotspot scenarios with SBFD Option1-Method 1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD

Dense urban: 2 Layer
SBFD Option2: Method 2-1
	Table 5-7: Dense urban λd/ λu : 5/2.5

	DL: Mean of Average UPT
	DL latency
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DL performance based on 3.16% RU for Legacy TDD and 3.82% RU for SBFD
	


	UL: Mean of Average UPT
	UL latency
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UL performance based on 35.44% RU for Legacy TDD and 15.74% RU for SBFD
	


	Table 5-8: Dense urban λd/ λu : 2.5/1.25

	DL: Mean of Average UPT
	DL latency
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DL performance based on 1.50% RU for Legacy TDD and 2.0% RU for SBFD
	


	UL: Mean of Average UPT
	UL latency
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UL performance based on 30.44% RU for Legacy TDD and 13.31% RU for SBFD
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Table.5-9: DL Performance metric for Dense urban 2 Layer 
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -31.81%

	
	
	
	Gain over Baseline#2:-44.77%

	Macro
	Type-1 RU
	8.32%
	8.04%
	10.28%

	
	Type-2 RU
	13.86%
	10.06%
	16.98%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -33.99%

	
	
	
	Gain over Baseline#2:-46.59%

	Pico
	Type-1 RU
	1.91%
	1.83%
	4.27%

	
	Type-2 RU
	3.19%
	2.29%
	4.51%

	Unfinished/dropped packet rate 
	0.25%
	0.13%
	0.89%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -35.17%

	
	
	
	Gain over Baseline#2:-47.59%

	Macro
	Type-1 RU
	10.25%
	9.84%
	13.56%

	
	Type-2 RU
	17.08%
	12.30%
	22.42%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -37.07%

	
	
	
	Gain over Baseline#2:-48.95%

	Pico
	Type-1 RU
	2.33%
	2.23%
	5.57%

	
	Type-2 RU
	3.89%
	2.79%
	9.78%

	Unfinished/dropped packet rate 
	0.19%
	0.07%
	1.32%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -37.78%

	
	
	
	Gain over Baseline#2:-49.71%

	Macro
	Type-1 RU
	12.03%
	11.48%
	16.84%

	
	Type-2 RU
	20.04%
	14.35%
	27.83%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -41.94%

	
	
	
	Gain over Baseline#2:-52.9%

	Pico
	Type-1 RU
	2.80%
	2.67%
	4.48%

	
	Type-2 RU
	4.66%
	3.33%
	7.40%

	Unfinished/dropped packet rate 
	0.45%
	0.21%
	1.56%



Table.5-10: UL Performance metric for Dense urban 2 Layer
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -51.27%

	
	
	
	Gain over Baseline#2:+11.16%

	Macro
	Type-1 RU
	4.30%
	4.16%
	4.25%

	
	Type-2 RU
	10.74%
	20.80%
	11.99%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -51.36%

	
	
	
	Gain over Baseline#2:+4.91%

	Pico
	Type-1 RU
	0.92%
	0.87%
	0.89%

	
	Type-2 RU
	2.31%
	4.37%
	2.51%

	Unfinished/dropped packet rate
	0.46%
	0.53%
	0.79%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -52.63%

	
	
	
	Gain over Baseline#2:+10.72%

	Macro
	Type-1 RU
	5.23%
	5.22%
	5.36%

	
	Type-2 RU
	13.09%
	26.09%
	15.13%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -52.22%

	
	
	
	Gain over Baseline#2:+5.7%

	Pico
	Type-1 RU
	1.12%
	1.12%
	1.12%

	
	Type-2 RU
	2.81%
	5.62%
	3.15%

	Unfinished/dropped packet rate
	0.20%
	0.13%
	0.35%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -52.04%

	
	
	
	Gain over Baseline#2:+12.54%

	Macro
	Type-1 RU
	6.65%
	6.48%
	6.62%

	
	Type-2 RU
	16.63%
	32.40%
	18.68%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -51.38%

	
	
	
	Gain over Baseline#2:+6.31%

	Pico
	Type-1 RU
	1.44%
	1.39%
	1.36%

	
	Type-2 RU
	3.59%
	6.95%
	3.83%

	Unfinished/dropped packet rate
	0.24%
	0.22%
	0.24%


Observations
For Dense urban: 2 Layer, similar analysis and observations as that for Indoor Hotspot can be conducted (see Section 5.2.1.3). Thus, we have the following observations.  
Observation 4: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced.

Observation 5: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD
Summary
Overall, although the simulation assumptions for “SBFD Option2: Method 2-1” and “SBFD Option1-Method 1” are not fully aligned. We observed similar observations for Indoor Hotspot and Dense urban (2-layer) scenarios. DL UPT and UL UPT performance loss will be observed if the number of antenna elements and antenna ports are halved during the SBFD symbols. From this perspective, it is better to focus the SBFD simulation on antenna configuration 2.
· For SBFD antenna configuration option-2, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (two times of that for legacy TDD).

Proposal 11: RAN1 to focus the SBFD performance simulation on antenna configuration 2.
Conclusion
General considerations & Scenarios
Proposal 1: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

Proposal 2: Consider the following scenarios for SBFD deployment Case 2 and Case 3-1 for evaluation as low priority if time allows.
For SBFD Deployment Case 2, 
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
For SBFD Deployment Case 3-1, 
· For FR1,
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

Interference model
Proposal 3: Take the following selectivity model for gNB-gNB co-channel inter-subband interference as starting point
·  is the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB.

Proposal 4: Adopt the following interference model for gNB-gNB adjacent channel interference 
· If the detailed traffic scheduling is simulated in the adjacent-channel gNB:
·  
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
·  is the total number of DL RBs in the DL subbands
· If the adjacent-channel gNB is always assumed as full buffer:
· 
·  is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.

Proposal 5: Adopt the following interference model for UE-UE co-channel inter-subband interference
·  
·  is the power of UE-UE co-channel inter-subband CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

Proposal 6: Adopt the following interference model for 4.4	UE-UE adjacent channel interference model
·  
·  is the power of UE-UE adjacent-channel CLI from UE  to UE  on each receiver chain at one DL RB (linear value)
·  is UL transmission power of UE  across all transmit chains (linear value).
· is the coupling loss between UE  and UE  (linear value), accounting for beamforming at the aggressor UE and victim UE.
·  is the total number of UL RBs in the UL subbands

Simulation assumptions
Proposal 7: For HetNet with UMA and Indoor office, the minimum distance between the centre of indoor office and UMA is set as 100m.

Proposal 8: For UE clustering distribution of Urban Macro and Dense Urban Macro layer, it is up to companies to report the options they applied.
· Option1: R =25 m, Dmacro-to-cluster = 60m, Dinter-cluster = 50m
· Option2: R =12.5 m, Dmacro-to-cluster = 47.5m, Dinter-cluster = 25m

Proposal 9: Consider the following methods for coverage evaluation for SBFD.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1) considering the legacy interferences;
Step2: Perform LLS for legacy TDD system to get the target SNR (SNR#1) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#2) considering the legacy interferences and SBFD interferences;
Step4: Perform LLS for SBFD system to get the target SNR (SNR#2) without considering any interferences, with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SNR#1) with gap (SINR#2 – SNR#2) to determine if SBFD system can improve the coverage.
Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels for the 5%-tile UE;
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.

Proposal 10: Regarding power allocation of gNB for SBFD,for the case when only K/2 Tx chains are applied, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.

SLS Calibration
Observation 1: Calibration results for coupling loss for SBFD are as following.
· Note1: “CouplingLoss of UE2UE(901)” refers to UE to UE channel mode based on UMi-Street canyon in TR 38.901.
· Note2: “CouplingLoss of UE2UE(D2D)” refers to UE to UE channel mode based on D2D in TR36.843.
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 Preliminary simulation results
Observation 2: For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU. The gain for the case of higher RU is larger than that for lower RU.
· DL latency is increased and UL latency is reduced.
Observation 3: For Indoor Hotspot scenarios with SBFD Option1-Method 1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD
Observation 4: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced.

Observation 5: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD
Proposal 11: RAN1 to focus the SBFD performance simulation on antenna configuration 2.

Reference
[1]  RP-220633, Revised SID: Study on evolution of NR duplex operation, CMCC, RAN#95-e meeting.
Appendix
Simulation assumptions for SLS Calibration for SBFD
Table.10-1a: Simulation parameters SLS Calibration for SBFD
	Parameters
	Value

	
	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
	Uniform

	UE number per macro TRP (per direction) (M) 
	20
	10

	UE cluster number per macro cell (X)
	2
	-

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

	Indoor UE height (m)
	1.5 m
	-

	Outdoor UE height (m)
	1.5 m
	1.5 m

	Radius of cluster (R)
	25 m
	-

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

	Minimum distance between two UE cluster centers (Dinter-cluster)
	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
Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), 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)

	BS antenna array configuration for SBFD
	Legacy TDD
· = (8,8,2,1,1; 2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
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
	Legacy TDD
· = (4,16,2,2,2; 1,1)
·  = (0.5, 0.5)λ,  +45°/-45° polarization;
SBFD 
SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,16,2,1,2).
· 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), () = (N/A, N/A)λ, 0°,90° polarization
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), () = (0.5, N/A)λ, 0°,90° polarization
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1); () = (0.5,0.5)λ,(da,H,da,V) = (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



Table.10-1b: Simulation assumptions of UE-UE Channel model (large scale) based on D2D of A.2.1.2 in TR36.843
	Parameters
	Value

	
	Outdoor to Outdoor
	Outdoor to Indoor
	Indoor to Indoor

	Pathloss
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d)),
· d is distance between UEs
· PLfreespace is free space path loss (Eq. 4.24 in WINNER II Channel Models, D1.1.2)
· PL_B1 is the Winner + B1b (Table 4-1 in D5.3: WINNER+ Final Channel Models) channel model for hexagonal layout with the following offsets
· LOS offset = 0 dBc
· NLOS offset = -5 dBc
· While calculating Winner + B1 pathloss the following  values shall be used: h_BS = h_MS = 1.5m, h_BS' = h_MS' = 0.8m 
	· LOS: PL_B1_tot (dout + din) + 20.0 + 0.5*d_in
· NLOS: PL_B1_tot(dout + din) + 20.0 + 0.5*din – 0.8*h_MS
Where,
dout and din are defined  by Note 1 after Table 4-1 in (D5.3: WINNER+ Final Channel Models) for indoor UEs
din=1.5m and dout=d-din, 
h_MS = 1.5m
	PL is the Table B1.2.1-1 in 36.814
· LOS: PL = 16.9log10(d) + 32.8 + 20log10(fc)
· NLOS: PL = 43.3log10(d) + 11.5 + 20log10(fc)


	LOS Probability
	Winner II-B1 (Table 4-7 in WINNER II Channel Models, D1.1.2)
	ITU-R IMT UMi (Table A1-3 in R-REP-M.2135)
	ITU-R IMT UMi (Table A1-3 in R-REP-M.2135)

	Shadowing standard deviation
	7 dB log-normal
	7 dB log-normal
	UEs are in same building:
LOS: 3 dB log-normal
NLOS: 4 dB log-normal
UEs are in different building:
10 dB log-normal



Simulation assumptions for SBFD Option2: Method 2-1
Table.10-2: Simulation parameters for SBFD
	Parameters
	Value

	Scenario
	Indoor office
	Dense Urban

	Layout
	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m
	Macro layer:  Hex. Grid
Micro layer: Number of micro BSs per macro cell: 3; All micro BSs are all outdoor
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	20m
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 30m
Minimum Micro-center-to-micro-center distance: 40m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm per 20MHz
	53dBm for Macro
40dBm for Micro

	UE Tx power
	23dBm

	Frame structure
	Legacy TDD DDDSU, S=[12D:2G:0U]
SBFD: SSSSU
S = [(subband-1:D; subband-2:U; subbband-3:D] , 273RBs, 104:53:104(DUD),- Guard RB: 6RBs in each side

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	Legacy TDD:
· = (4,4,2,1,1; 4,4)
· = (0.5,0.5)λ,  +45°/-45° polarization;
SBFD:
SBFD antenna configuration option-2 (Method2- 1)
· Two panel groups
· For each panel group: = (4,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	Legacy TDD:
· =(8,8,2,1,1;2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
SBFD:
SBFD antenna configuration option-2 (Method 2-1)
· Two panel groups
· For each panel group: = (4,4,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	BS antenna height
	3m
	Macro cells: 25m
Micro cells: 10m

	BS antenna radiation pattern
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 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)

	BS receiver noise figure
	5dB for 4GHz

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

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

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0= -60; alpha = 0.6
	P0 = -86, alpha =0.8 for Macro
P0 = -86, alpha =0.8 for Micro

	Minimum BS-UE (2D) distance
	0m
	Macro-to-UE: 10m
Micro-to-UE: 10m

	Minimum UE-UE (2D) distance
	1m (TR38.828)
	3m (TR36.843)

	UE density
	10 UEs per TRxP

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 2

	UE attachment
	Based on RSRP from port 0

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

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	0dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	Self-interference suppression
	120dB
Frequency flat over the whole subband level.

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS=45dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	Only large-scale model is applied.



Simulation assumptions for SBFD Option1: Method 1
Table.10-3: Simulation parameters for SBFD
	Parameters
	Value

	Scenario
	Indoor office
	Dense Urban

	Layout
	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m
	Macro layer:  Hex. Grid
Micro layer: Number of micro BSs per macro cell: 3; All micro BSs are all outdoor
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	20m
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 30m
Minimum Micro-center-to-micro-center distance: 40m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm
	53dBm for Macro
40dBm for Micro

	UE Tx power
	23dBm

	Frame structure
	Legacy TDD case1: DDDSU, S=[12D:2G:0U]; case2: DDSUU, S=[12D:2G:0U];
SBFD: SSSSU
S = [(subband-1:D; subband-2:U; subbband-3:D] , 273RBs, 104:53:104(DUD),- Guard RB: 6RBs in each side

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	Legacy TDD:
· = (4,4,2,1,1; 4,4)
· = (0.5,0.5)λ,  +45°/-45° polarization;
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

	Legacy TDD:
· =(8,8,2,1,1;2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
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

	BS antenna height
	3m
	Macro cells: 25m
Micro cells: 10m

	BS antenna radiation pattern
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 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)

	BS receiver noise figure
	5dB for 4GHz

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

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

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0= -60; alpha = 0.6
	P0 = -80, alpha =0.8 for Macro
P0 = -90, alpha =0.9 for Micro

	Minimum BS-UE (2D) distance
	0m
	Macro-to-UE: 10m
Micro-to-UE: 10m

	Minimum UE-UE (2D) distance
	1m (TR38.828)
	3m (TR36.843)

	UE density
	10 UEs per TRxP

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

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

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	Self-interference suppression
	Taking 1dB sensitivity degradation due to self-interference of DL transmission
Frequency flat over the whole subband level.

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS=45dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	Only large-scale model is applied.
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