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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. 
Throughput and UPT Analysis
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Figure 1 Cell-wise DL/UL Throughput
Figure 1 shows that the average cell-wise DL/UL throughputs are similar among the four slot patterns {DDDSU, XXXXU, XXXXX, DXXXU} for Indoor office and Dense Urban Macro scenarios. For Urban Macro where cell edge uplink performance is known to be vulnerable, slot patterns with “X” improve the uplink cell-wise throughputs. 
Figure 2 shows that, for UE UPT,  
· Under low-to-medium load, XXXXX offers the top DL UPT and UL UPT among four slot patterns, except for the DL 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.    
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Figure 2 UE DL/UL UPT
Observation 1: The setup of UL subband over DL symbols would not have big impact to the average cell throughput under the assumed traffic loads.
Observation 2: The setup of UL subband over DL symbols improves the UL UPT per UE.
Observation 3: With the assumed D/U resource ratio in “X” slot, if the packet size is small (4Kbytes for DL and 1Kbytes for UL) and the traffic load is low-to-medium, {XXXXX, XXXXU, DXXXU} offer better DL/UL UPT than DDDSU except the downlink in Urban Macro.
RU analysis
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Figure 3 Type-2 RU result
Figure 3 shows that, 
· One of {DDDSU, XXXXX}, whose DL-to-UL resource ratios are roughly 4:1, offers the highest Type-2 UL RU among four slot patterns for both medium and low load cases. 
· One of {XXXXU, DXXXU}, whose DL-to-UL resource ratios are roughly 2:1, offers highest Type-2 DL RU among four slot patterns for both medium and low load case. To be more specific, XXXXU wins for Indoor office and Dense Urban Macro scenarios at the cost of giving lowest Type-2 UL RU, while DXXXU wins for Urban Macro scenario.
· The distributions of Type-2 DL RU and Type-2 UL RU are respectively similar between Indoor office scenario and Dense Urban Macro scenario. The difference between these two scenarios and Urban Macro scenario comes from the edge UE, given the coupling loss for edge UEs in Urban Macro is much bigger than in Indoor office and Dense Urban Macro.
Although our evaluations cover low-to-medium traffic loads, in these evaluations we already observed the numerous occurrences that, at the time a UE is picked by scheduler for scheduling in a slot, the simulation already holds both DL to-be-transmitted traffic and UL to-be-transmitted traffic for the UE. Then the scheduler has to prioritize between DL and UL given the UE has to be in half-duplex mode. We expect this kind of DL-UL collision to occur more often in the high traffic load case. This brings a question whether the performance results corresponding to the following two UE distribution assumptions are comparable: 
	Agreement 
For any deployment cases where clustering is not used and where M UEs are distributed per direction,
· If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M UEs, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
· If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M UEs.


The key difference between the two options is that the first option completely removes the half-duplex restriction from the evaluation, which somehow translate the 2M half-duplex UEs into M full-duplex UEs under a 2-to-1 UE-pairing without taking into account the UE locations. This duplex relaxation behind the first option does not match any real field operation in the long run. We think the evaluation results corresponding to these two UE distribution options should not be mixed together to derive study conclusions. 
Proposal 1: RAN1 examines the comparability of evaluation results corresponding to the two agreed UE distribution options (i.e., M DL-only UEs and M UL-only UEs vs. M dual-direction UEs) and, if necessary, summarizes the evaluation results corresponding to these two options separately.
Conclusion
In this contribution, we show our views on evaluation on NR duplex evolution with following proposals:
Observation 1: The setup of UL subband over DL symbols would not have big impact to the average cell throughput under the assumed traffic loads.
Observation 2: The setup of UL subband over DL symbols improves the UL UPT per UE.
Observation 3: With the assumed D/U resource ratio in “X” slot, if the packet size is small (4Kbytes for DL and 1Kbytes for UL) and the traffic load is low-to-medium, {XXXXX, XXXXU, DXXXU} offer better DL/UL UPT than DDDSU except the downlink in Urban Macro.
Proposal 1: RAN1 examines the comparability of evaluation results corresponding to the two agreed UE distribution options (i.e., M DL-only UEs and M UL-only UEs vs. M dual-direction UEs) and, if necessary, summarizes the evaluation results corresponding to these two options separately.
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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



UE-UE co-channel inter-subband CLI

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
· 
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
· 
·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.

gNB self-interference

·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.
· 
· with sensitivity degradation of 1dB,  can be computed based on , where N is the noise floor over the UL subband given by , assuming 20MHz UL subband and 5dB noise figure.

co-site inter-sector co-channel inter-subband CLI



·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the number of DL RBs allocated for DL transmission of sector x.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI. 
· 
· Note:  and  are in linear scale. 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. 
·   
· 
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