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Introduction
The NR duplex evaluation assumptions, including deployment scenarios, channel model, interference model, traffic model and performance metrics, are almost finalized in the past meetings. In this contribution, we provide some initial evaluation results, with the adopted simulation assumptions given in Appendix.
Evaluation results
Some key assumptions used in evaluation include: 
· The channel bandwidth is 100MHz (273RBs at SCS=30kHz) and SBFD pattern in frequency domain is {DUD} with < ND, NU, NG > = <104, 55, 5>. 
· Four slot patterns {DDDSU, XXXXU, XXXXX, DXXXU} are evaluated for low traffic load and medium traffic load, respectively.
· The FTP3 traffic arrival model parameter is determined with Type-2 RU in legacy TDD (DDDSU) case. The traffic packets generation for legacy TDD case and SBFD cases follow the same random seed for generations of traffic arrival times, as well as the same fixed packet size under the given load condition. 
· UE-UE co-channel inter-subband CLI, gNB self-interference, co-site inter-sector co-channel inter-subband CLI are modeled, following the CLI modeling details described in Appendix.
More information on general SLS assumptions can be found in Table A-1 in Appendix. 
UPT Analysis
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Figure 1 Average UPT per UE with 0.5Mbytes DL & 0.125Mbytes UL
Figure 1 shows that, for UE UPT with large packet size (0.5Mbytes DL & 0.125Mbytes UL),
· The setup of SBFD does not change the tendency that the UE DL UPT increases as traffic load decreases.  
· For a given load case, 
· XXXXU results in the highest UL UPT among four slot patterns. This is because the UL resource pool size for XXXXU is highest among four slot patterns. A traffic packet with 0.125Mbytes may need more resources than UL resource in one “X” slot. 
· For XXXXX case, the UL UPT is larger than or similar to DDDSU but mostly smaller than XXXXU and DXXXU. This is because XXXXX has similar UL resource pool size to DDDSU but more scheduling occasions, and it has smaller UL resource pool size than XXXXU and DXXXU with similar scheduling occasions.
· For Indoor office and dense urban macro cases, the DL UPT for XXXXX is similar with DDDSU, because the DL resource pool size and scheduling occasions are similar for these two slot patterns. XXXXU and DXXXU have smaller DL resource pool size and similar scheduling occasions compared with DDDSU, so that the DL UPT for these two SBFD patterns are lower than that of DDDSU.
Table 1 show the UPT gain for SBFD patterns. For large packet case, the setup of SBFD improves UL UPT significantly, but at a cost of DL UPT reduction for almost all cases. 
Table 1 Gain for average DL/UL UPT with 0.5Mbytes DL & 0.125Mbytes UL
	
	Indoor office
	Dense Urban Macro
	Urban Macro

	
	Gain for Avg. DL UPT
	Gain for Avg. UL UPT
	Gain for Avg. DL UPT
	Gain for Avg. UL UPT
	Gain for Avg. DL UPT
	Gain for Avg. UL UPT

	High load
	XXXXU
	-29.27%
	101.85%
	-26.08%
	85.64%
	-69.50%
	89.06%

	
	XXXXX
	-4.66%
	19.06%
	-0.40%
	41.46%
	-50.44%
	84.75%

	
	DXXXU
	-25.81%
	70.10%
	-14.38%
	69.00%
	-61.10%
	68.12%

	Medium load
	XXXXU
	-23.88%
	92.49%
	-27.16%
	114.71%
	-43.51%
	157.98%

	
	XXXXX
	2.08%
	17.66%
	-3.38%
	51.18%
	-28.14%
	101.90%

	
	DXXXU
	-25.55%
	68.89%
	-21.02%
	88.46%
	-50.26%
	120.42%

	Low load
	XXXXU
	-15.14%
	77.61%
	-17.60%
	103.52%
	-28.06%
	156.70%

	
	XXXXX
	5.42%
	-3.50%
	3.01%
	44.92%
	-10.87%
	104.97%

	
	DXXXU
	-12.49%
	57.38%
	-14.90%
	77.01%
	-25.73%
	120.32%
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Figure 2 Average UPT per UE with 4Kbytes DL & 1Kbytes UL
 Figure 2 shows that, for UE UPT with small packet size,  
· Under low-to-medium load, XXXXX offers the top DL UPT and UL UPT among four slot patterns, except for the medium load in Urban Macro scenario. This is because the UL subband in each of “X” slot is large enough for small packet size and moderate-to-low traffic load, and the same is for DL subbands in each of “X” slot. When it comes to Urban Macro, the cell-edge UE may need more “X” resources for uplink transmission, which may impact its downlink UPT due to half-duplex limitation. It is also observed that the UL UPT’s of XXXXU, XXXXX and DXXXU are far better than that of DDDSU.  

Observation 1: The setup of SBFD does not change the tendency that the UE DL UPT decreases as traffic load increases.
Observation 2: The setup of UL subband over DL symbols improves the UL UPT per UE.
Observation 3: The setup of UL subband over DL symbols impact the DL UPT almost all evaluated cases when packet size is large (0.5Mbytes DL & 0.125Mbytes UL).
Link budget evaluation
Table 2 LLS evaluation for coverage performance
	TDD/SBFD
	Required SNR (dB)
	MCL(dB)
	Key assumptions

	
	Value
	Gain
(TDD-SBFD)
	Value
	Gain
(SBFD-TDD)
	

	TDD（DDDSU）
	0.3
	
	129.95
	
	Single slot PUSCH transmission
30RB, 2815bit, MCS4

	SBFD（XXXXU）
	-7.13
	7.43
	136.88
	6.93
	PUSCH 5 repetition Type A
30RB, 2815bit, MCS4
Low load, 

	SBFD（XXXXU）
	-6.90
	7.2
	136.39
	6.44
	PUSCH 5 repetition Type A
30RB, 2815bit, MCS4
Medium load, 

	SBFD（XXXXU）
	-6.58
	6.88
	136.33
	6.38
	PUSCH 5 repetition Type A
30RB, 2815bit, MCS4
High load, 


For the link coverage comparison between TDD and SBFD, PUSCH performances are evaluated for TDD (DDDSU, single slot with no repetition) and SBFD (XXXXU, 5-time Type A repetition) under the same number of RBs and the same MCS level. The results in Table 2 shows about 7dB gain of SBFD compared to TDD configuration with target data rate 1Mbps and BLER 10%.  
Observation 4: The setup of UL subband over DL symbols allows PUSCH repetition that can improve UL coverage performance by about 7 dB (corresponding to 5 PUSCH repetition) with given target data rate.
 
Conclusion
In this contribution, we show our views on evaluation on NR duplex evolution with following proposals:
Observation 1: The setup of SBFD does not change the tendency that the UE DL UPT decreases as traffic load increases.
Observation 2: The setup of UL subband over DL symbols improves the UL UPT per UE.
Observation 3: The setup of UL subband over DL symbols impact the DL UPT almost all evaluated cases when packet size is large (0.5Mbytes DL & 0.125Mbytes UL).
Observation 4: The setup of UL subband over DL symbols allows PUSCH repetition that can improve UL coverage performance by about 7 dB (corresponding to 5 PUSCH repetition) with given target data rate.
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Appendix
Simulation parameters
Table A-1 simulation parameters for SBFD 
	Parameters
	Value

	
	Indoor office
	Urban Macro
	Dense Urban Macro

	Scenario
	InH(2*6 site)
	7 cells, 3 sectors/cell

	Inter-BS distance
	20m
	500m
	200m

	Carrier frequency
	4GHz

	System bandwidth
	100MHz

	SCS
	30KHz

	TDD pattern
	DDDSU / XXXXU / XXXXX

	SBFD pattern
	{DUD}, < ND, NU, NG > = <104, 55, 5>

	BS Antenna Configuration
	(M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;4,4)
 (dH, dV) = (0.5λ, 0.5λ)
	(M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;2,8)
 (dH, dV) = (0.5λ, 0.5λ)

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

	Transmit Power
	DL: 24dBm
UL: 23dbm
	DL: 53dBm
UL: 23dbm

	Antenna Height
	3 m for BS and 1.5 m for UE
	25 m for BS and 1.5 m for UE
	25 m for BS and 1.5 m for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE speed
	3km/h

	Scheduling Algorithm
	SU-MIMO + PF

	Power control for PUSCH
	P0=-60dbm, alpha=0.6
	P0=-80dbm, alpha=0.8

	Traffic model
	FTP3, with 0.5Mbytes for DL, 0.125Mbyte for UL




Link level evaluation assumption
	System configuration
	Case 1
	Case 2
	Case 3
	Case 4

	Carrier frequency (GHz)
	4.00
	4.00
	4.00
	4.00

	BS antenna heights (m)
	25.00
	25.00
	25.00
	25.00

	UT antenna heights (m)
	1.50
	1.50
	1.50
	1.50

	Pathloss model (select from LoS or NLoS)
	NLOS
	NLOS
	NLOS
	NLOS

	UE speed (km/h)
	3.00
	3.00
	3.00
	3.00

	Channel for evaluation
	PUSCH
	PUSCH
	PUSCH
	PUSCH

	UL-DL configuration for TDD
	DDDSU
	XXXXU
	XXXXU
	XXXXU

	Subcarrier Spacing
	30kHz
	30kHz
	30kHz
	30kHz

	Channel model for link level simulation
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	Frequency hopping
	w/o
	w/o
	w/o
	w/o

	Repetition
	-
	5
	5
	5

	Load level
	-
	Low

	Medium

	High


	number of PRBs, TBS and MCS
	30RB, 2815bit, MCS4
	30RB, 2815bit, MCS4
	30RB, 2815bit, MCS4
	30RB, 2815bit, MCS4

	BWP size
	100MHz
	100MHz
	100MHz
	100MHz

	DMRS configuration
	1 DMRS
	1 DMRS
	1 DMRS
	1 DMRS

	Waveform
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM
	DFT-S-OFDM

	Repetition
	[bookmark: _GoBack]No repetition
	5-time type A repetition
	5-time type A repetition
	5-time type A repetition

	HARQ configuration
	w/o
	w/o
	w/o
	w/o

	Target error rate (BLER, miss detection, false alarm, etc.)
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER

	Target data rate (Mbps)
	1
	1
	1
	1
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