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This document provides SLS evaluation results for NR duplex evolution.
Discussion
Evaluation assumption
In Rel.18 duplex, SLS evaluation assumption to evaluate SBFD feasibility was agreed and captured in TR38.858 [1]. We evaluated legacy TDD and SBFD performances based on TR38.858 and Annex in this document.
The following cases are evaluated.
· SBFD Deployment Case: Case 1
· SBFD Deployment Case 1 is that 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.
· Scenario: Urban Macro (FR1)
· Slot configuration: TDD(DDDSU), SBFD(XXXXU), SBFD(XXXXX)
· For TDD slot, S consists of 12 DL symbols and 2 gap symbols.
· SBFD(XXXXU) is Frame structure#2(Alt.2). SBFD(XXXXX) is Frame structure#3(Alt.4).
· For SBFD, X is SBFD slot which consists of SBFD symbol. Subbands consist of {D, U, D} ={104RB, 55RB, 104RB}. Guard band is 5RBs.
· Traffic model: Low RU, Medium RU, High RU
· FTP model 3 with asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL (small packet) is used.
· Low RU: < 10%, FTP model 3RU: 20%-40%, High RU: >= 50%.
Performance metrics are as follows.
· Mean/5%/50%/95% Average-UPT
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user.
· Average-UPT CDF: the CDF of the Average-UPTs for all users
· Mean/5%/50%/95% Packet-Latency
· Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.

Evaluation results
Figure 1 shows DL and UL Average-UPT. 
For DL Average-UPT, compared to TDD, UPT of SBFD(XXXXU) is degraded. UPT of SBFD(XXXXX) is degraded or improved.
· For SBFD(XXXXU), the reason of DL UPT degradation compared to TDD would be the amount of DL resources (i.e., the amount of DL resources in SBFD(XXXXU) are 24% lower compared to TDD). In addition, in medium/high RU cases, CLI from UL subband is increased. In low RU case, since transmission/reception is not frequent and CLI is not high, degradation of DL UPT is not significant. 
· For SBFD(XXXXX), the amount of DL resource is almost the same as TDD, but SBFD(XXXXX) has DL resource in every slot. Then, when CLI is low (i.e., low RU or cell center case), DL UPT can be improved because latency is slightly shorter than TDD. However, when CLI is high (i.e., high RU or cell edge case), DL UPT of SBFD(XXXXX) is degraded due to CLI.
· For both SBFD(XXXXU) and SBFD(XXXXX), in medium/high RU cases, 5% DL UPT is significantly degraded due to high CLI. 
For UL Average-UPT, compared to TDD, UPT of SBFD is improved regardless of RU and cell edge/center.
· For SBFD(XXXXU), every slot has UL resources, and the amount of UL resource is 78% larger than TDD. Then, UL UPT would be improved due to large resource and short latency.
· For SBFD(XXXXX), every slot has UL resources, and the amount of UL resource is almost the same as TDD. Then, UL UPT of SBFD(XXXXX) would be improved than TDD due to short latency. 
· For all slot configurations (i.e., TDD, SBFD(XXXXU), SBFD(XXXXX)), 5% UL UPT is significantly degraded compared to 50% UL UPT because power limited UE in cell edge cannot be allocated with many RBs and long time is needed to send a packet. 
Comparing between DL UPT and UL UPT,
· In low RU case, UL UPT is improved with small degradation of DL UPT. 
· In medium/high RU case, except for 5% UPT, UL UPT is improved with small degradation of DL UPT. 
· In medium/high RU case, for 5% UPT, UL UPT is improved but DL UPT is significantly degraded. 
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[bookmark: _Ref140267559]Figure 1  Average-UPT (Urban Macro (FR1), small packet)

Figure 2 shows DL and UL packet latency. 
For DL latency, compared to TDD, latency of SBFD(XXXXU) and SBFD(XXXXX) is increased especially for medium/high RU. 
· Comparing between SBFD(XXXXU) and SBFD(XXXXX), DL latency of SBFD(XXXXU) is longer because DL resource is 24% lower compared to to SBFD(XXXXX).  
· For SBFD(XXXXU) and SBFD(XXXXX), in medium/high RU case, 95% DL latency is significantly increased compared to TDD. The reason would be that cell edge UEs tend to be influenced by CLI from UL subband. In addition, actual RU is higher than TDD because lower MCS and large resource are used due to CLI (e.g., for high RU case, actual RU of TDD is 56%, but is actual RU of SBFD(XXXXX) is 92%). The mean DL latency is also degraded because 95% DL latency is long.
For UL latency, compared to TDD, latency of SBFD(XXXXU) and SBFD(XXXXX) is reduced or the same. 
· The gain is higher in the order of low RU, medium RU and high RU.
· For TDD, 95% UL latency is longer because power limited UE in cell edge cannot be allocated with many RBs. 
· For SBFD(XXXXU) and SBFD(XXXXX), 95% UL latency is improved because UL transmission occasion is increased compared to TDD (although DL 95% UL latency is also significantly degraded in medium/high RU case).
Comparing between DL latency and UL latency,
· In low RU case, UL latency is improved with small or no degradation of DL latency. 
· In medium/high RU case, except for 95% latency, UL latency is improved with small degradation of DL latency. 
· In medium/high RU case, for 95% latency, UL latency is improved but DL latency is significantly degraded. 
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[bookmark: _Ref140397923]Figure 2  Packet latency (Urban Macro (FR1), small packet)

Based on the above results, we have the following observation.
Observation 1: For Urban Macro scenario (FR1), SBFD is beneficial at least for low RU case or cell center UEs.
· In low RU case, UL average UPT and packet latency are improved compared to legacy TDD with small or no degradation of DL average UPT and packet latency.
· Even in medium/high RU cases, for cell center UEs, UL average UPT and packet latency are improved compared to legacy TDD with small or no degradation of DL average UPT and packet latency.

Conclusion
In this contribution, we provide SLS evaluation results and made the following observation. 
Observation 1: For Urban Macro scenario (FR1), SBFD is beneficial at least for low RU case or cell center UEs.
· In low RU case, UL average UPT and packet latency are improved compared to legacy TDD with small or no degradation of DL average UPT and packet latency.
· Even in medium/high RU cases, for cell center UEs, UL average UPT and packet latency are improved compared to legacy TDD with small or no degradation of DL average UPT and packet latency.
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Annex: SLS evaluation assumptions
Table A  SLS evaluation assumptions
	Parameter set
	Value

	A. General
	Scenario
	Urban Macro (FR1)

	
	Carrier frequency
	4 GHz

	
	System bandwidth
	100 MHz

	
	Numerology
	14 OFDM symbol slot, SCS = 30kHz

	B. Layout and UE distribution
	BS Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	
	Wrap-round
	distance-based

	
	Inter-BS (2D) distance
	500m

	
	BS antenna height
	25m

	
	UE distribution
	UE clustering distribution
- M=20, X=2
- R' = 25m
- 8 UE per cluster per direction
- Dmacro-to-cluster = 35m+R'
- Dinter-cluster = 2R' m

	
	Minimum BS-UE (2D) distance
	35m

	
	Minimum UE-UE (2D) distance
	1m

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

	
	UE height (m)
	1.5m

	C. Interference modelling 
	gNB self-interference - αSI
	based on 1 dB UL desense

	
	Co-site inter-sector co-channel inter-subband CLI
	100dB (spatial isolation), 10dB digital isolation 

	
	BS ACLR
	45 dBc

	
	BS ACS
	46dB

	
	BS ICS
	62dB

	
	UE ACLR
	30 dBc

	
	UE ACS
	33 dBc

	
	UE IBE
	Refer to Annex A.2.X in TR 38.858

	
	UE ICS
	33 dBc

	D. SBFD subband and slot configurations
	SBFD slot configuration
	Legacy TDD: {DDDSU}, where S=[12D:2G:0U];
SBFD: Frame structure#2(Alt.2) {XXXXU}, Frame structure#3(Alt.4) {XXXXX}

	
	SBFD Subband configuration
	< ND, NU, NG > = <104, 55, 5>

	
	Guard symbols
	2 symbols

	E. Transmit power
	BS transmit power for legacy TDD
	53 dBm for 100MHz 

	
	BS transmit power for SBFD
	Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)

	
	UE Tx power
	23dBm

	F. Antenna configurations
	BS antenna configuration for legacy TDD
	(M,N,P,Mg,Ng;Mp,Np)  = (4,8,2,1,1,1,8), (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization

	
	BS antenna configuration for SBFD
	Twice area&same TxRUs : SBFD antenna configuration Option 2 

	
	BS antenna radiation pattern
	Table 9 in Report ITU-R M.2412 

	
	UE antenna configuration
	2Tx/2Rx

	G. Traffic model
	DL/UL traffic assignment for the same UE
	Each UE is either assigned UL traffic or DL traffic

	
	DL/UL FTP packet size
	Small packet: 4Kbytes for DL and 1Kbyte for UL

	
	DL/UL traffic load for legacy TDD
	Low load (Type-2 RU: < 10%)
Medium load (Type-2 RU: 20%-40%)
High load (Type-2 RU: >= 50%)

	H. Channel model
	gNB-UE
	Refer to Annex A.3 in TR 38.858

	
	gNB-gNB
	Refer to Annex A.3 in TR 38.858
Both Large scale fading and small scale fading 

	
	UE-UE
	Refer to Annex A.3 in TR 38.858
Large scale fading only

	
	UE-UE details
	TR 38.901

	I. Others
	BS receiver noise figure
	5dB

	
	UE receiver noise figure
	9 dB

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

	
	UE receiver
	MMSE-IRC

	
	Feedback assumption
	Ideal

	
	Channel estimation
	Ideal

	
	UE processing capability
	UE processing capability 1 as baseline

	
	Handover margin (dB)
	3 dB

	
	UE attachment
	Based on RSRP from port 0

	
	Transmission scheme
	SU-MIMO 

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

	
	DL/UL Modulation
	Up to 64QAM

	
	Scheduling
	PF

	
	Overhead
	DL: 24.41%, UL: 14.88%
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