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Introduction
[bookmark: _Ref129681832]At RAN1#86bis meeting, it was agreed that [1]  
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 
To study the feasibility as well as to identify the challenges of flexible duplex in various NR deployment scenarios including dense urban, urban macro and indoor hotspot, system-level evaluations should be conducted based on the agreed evaluation assumptions [2][3][4]. In this contribution, some preliminary simulation results in indoor hotspot scenario are given and discussed. 
Discussion
In this section, some simulation scenarios and assumptions are discussed. These key assumptions are important for identifying the technical feasibility and challenges of flexible duplex. 
Network Layout 
[bookmark: OLE_LINK248]In this contribution, the focus is on indoor hotspot scenario. TRPs are placed in one 120m x 50m open office room, and all UEs are uniformed in office. Unpaired spectrums with carrier frequency 4GHz and 30GHz are considered. The deployment details can be found in Appendix B which are aligned with RAN1#86 agreements.
Resource allocation and methodology
To study the potential benefit of flexible duplex for unpaired spectrum, the baseline employs a semi-static subframe allocation, and all TRPs share the same subframe ratio allocation.
[bookmark: OLE_LINK322][bookmark: OLE_LINK323]In RAN1 #86 meetings [2], it was agreed that FTP traffic model 3 with packet size 0.5M bytes can be used and the ratio of DL/UL traffic load are{1:1} ,{2:1} and{4:1}.
[bookmark: OLE_LINK324][bookmark: OLE_LINK325][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK272]When the traffic ratio of DL/UL is 1:1 and 2:1, the baseline downlink-uplink subframe ratio is 6:4, and when the traffic ratio of DL/UL is 4:1, the baseline downlink-uplink subframe ratio is 4:1. For flexible duplex on unpaired spectrum, dynamic DL/UL subframe ratio allocation is used to adapt to the instantaneous DL/UL traffic need.
Based on assumptions and parameters shown in appendix, several scenarios with different TRP deployment are evaluated by varying system traffic load, ratio of DL to UL, static or adaptive DL/UL subframe configurations, as shown in Table 1.
[bookmark: _Ref462943104]Table 1: Simulation parameters and resource allocations
	
	Baseline (Traditional TDD)
	Flexible duplex

	DL/UL subframe ratio
	semi-static subframe allocation 
· For DL:UL traffic ratio = 1:1, DL/UL subframe = 6:4
· For DL:UL traffic ratio = 2:1, DL/UL subframe = 6:4
· For DL:UL traffic ratio = 4:1, DL/UL subframe = 4:1
	Flexible UL/DL subframe ratio allocation

	DL/UL carrier bandwidth
	[bookmark: OLE_LINK320][bookmark: OLE_LINK321]4GHz: 20MHz (DL+UL); 30GHz: 80MHz (DL+UL)

	TRP Number
	3 TRP/sector per site, 3 site per room



To evaluate flexible duplex with flexible resource allocation, user perceived throughput (UPT) is used as evaluation metric, same as in LTE eIMTA [5].
Modeling of cross-link interference mitigation (CIM)
In flexible duplex, cross-link interference, e.g. TRP-to-TRP and UE-to-UE interference, exists in case that neighboring cells use different transmission directions on the same time-frequency resource as shown in Figure 1. 
[image: ]
[bookmark: _Ref462943265][bookmark: OLE_LINK347]Figure 1: Example of cross-link interference
For the indoor office scenarios with multiple TPRs in one room, cross-link interference will severely degrade the potential performance gain resulted from flexible resource allocation, especially for cases with dense TPR/UE deployment. Herein, some preliminary CIM schemes, e.g. coordinated scheduling, power control and beam-forming are considered in our evaluation.
[bookmark: OLE_LINK266][bookmark: OLE_LINK7][bookmark: OLE_LINK8]In indoor hotspot scenario, all users are uniformed in one room with less penetration loss and high LOS probability. When two adjacent UEs separately operate with transmission and reception over the overlap time/frequency resources simultaneously, the downlink reception of one UE will be impacted by the uplink transmission of another UE. The impact may be very strong for the small distance between two users. Flexible power control and coordinated scheduling can be used to mitigate the UE-UE interference based on inter-UE interference measurement and sensing mechanisms [6]. For the TRP-to-TRP interference mitigation, beam coordination and advanced IRC receiver are an efficient way for flexible duplex [7].
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Simulation results
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK63][bookmark: OLE_LINK49][bookmark: OLE_LINK96][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK13][bookmark: OLE_LINK14]This section provides some evaluation results for some typical traffic types. Fixed ratio of UL-DL subframes is the baseline. In flexible duplex, schedulers can change its subframe direction according to the instant traffic radios.
[bookmark: _Ref465931979][bookmark: OLE_LINK254][bookmark: OLE_LINK255]Table 2: DL and UL Performance deployment on 4GHz carrier with CIM
	Radio of DL/UL traffic
	Feature
	DL/UL subframe ratio
	DL RU (%)
	DL Average UPT (Mbps)
	DL Average UPT Gain
	UL RU (%)
	UL Average UPT (Mbps)
	UL Average UPT Gain

	1:1
	Baseline
	6:4
	15
	35.04
	-
	11
	43.76
	-

	
	Flexible duplex
	Dynamic
	
	51.36
	46.54%
	
	54.56
	24.72%

	2:1
	Baseline
	6:4
	21
	33.44
	-
	8
	44.96
	-

	
	Flexible duplex
	Dynamic
	
	50.88
	52.17%
	
	54.56
	21.50%

	4:1
	Baseline
	4:1
	20
	45.36
	-
	9
	24.8
	-

	
	Flexible duplex
	Dynamic
	
	50.24
	10.59%
	
	53.76
	116.97%



[bookmark: _Ref465931989]Table 3: DL and UL Performance deployment on 30GHz carrier with CIM
	Radio of DL/UL traffic
	Feature
	DL/UL subframe ratio
	DL RU (%)
	DL Average UPT (Mbps)
	DL Average UPT Gain
	UL RU (%)
	UL Average UPT (Mbps)
	UL Average UPT Gain

	1:1
	Baseline
	6:4
	13
	130.72
	-
	14
	125.2
	-

	
	Flexible duplex
	Dynamic
	
	167.68
	28.27%
	
	154.64
	23.51%

	2:1
	Baseline
	6:4
	18
	127.68
	-
	8
	131.12
	-

	
	Flexible duplex
	Dynamic
	
	172.64
	35.21%
	
	151.12
	15.29%

	4:1
	Baseline
	4:1
	18
	167.68
	-
	11
	69.44
	-

	
	Flexible duplex
	Dynamic
	
	173.44
	3.45%
	
	144.8
	108.55%



[bookmark: OLE_LINK267][bookmark: OLE_LINK268]In Table 2 and Table 3, we show the uplink average UPT and downlink average UPT on carrier frequency 4GHz and 30GHz with cross-link mitigation schemes. Flexible duplex can get significant gain with dynamic DL/UL subframe ratio allocation for typical traffic ratios.
[bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK276][bookmark: OLE_LINK277][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK142][bookmark: OLE_LINK97][bookmark: OLE_LINK98]Observation 1: Flexible duplex with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario for 4G and 30GHz unpaired spectrum. Preliminary evaluation results shows that with flexible DL and UL transmission, it achieves significant gain in downlink (e.g., up to 52%) and in uplink (e.g., up to 116%) in indoor hotspot scenario.
UE-UE interference becomes more important in indoor scenario because of the small inter-UE distance. One uplink transmission may severely degrade neighboring downlink reception especially for cell edge users. Some preliminary UE-UE interference coordination schemes are considered in our simulations.
In appendix A, we compare the downlink wideband geometry with and without UE-UE CIM. It shows that the edge users suffer strong cross-link interference @ 30GHz. In Table 4, we show the performance improvements for edge users where UE-UE interference coordination is implemented. 
[bookmark: _Ref465932006]Table 4: DL 5% UPT Performance with/without UE-UE interference coordination
	Carrier Frequency
	Radio of DL/UL traffic
	Without UE-UE interference coordination (Mbps)
	[bookmark: OLE_LINK388]With UE-UE interference coordination (Mbps)
	UE-UE interference coordination Gain

	30GHz
	1:1
	45.28
	59.04
	30.4%

	
	2:1
	46.16
	55.04
	19.2%

	
	4:1
	57.04
	[bookmark: _GoBack]58.48
	2.5%



[bookmark: OLE_LINK331][bookmark: OLE_LINK332]Observation 2: In flexible duplex, edge users may suffer strong cross-link interference and UE-UE interference coordination can achieve the performance improvement.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK271][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK64][bookmark: OLE_LINK275]Proposal: In flexible duplex, UE-UE cross-link interference mitigation needs to be studied.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: OLE_LINK57][bookmark: OLE_LINK58]In this contribution, we provided some evaluation results of flexible duplex focused on indoor hotspot scenario. The simulation result show gains for typical DL/UL traffic types.
The following observations and proposal can be made, 
Observation 1: Flexible duplex with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario for 4G and 30GHz unpaired spectrum. Preliminary evaluation results shows that with flexible DL and UL transmission, it achieves significant gain in downlink (e.g., up to 52%) and in uplink (e.g., up to 116%) in indoor hotspot scenario.
Observation 2: In flexible duplex, edge users may suffer strong cross-link interference and UE-UE interference coordination can achieve the performance improvement.
Proposal: In flexible duplex, UE-UE cross-link interference mitigation needs to be studied.
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Appendix A: DL Geometry for indoor hotspot scenario
In this section, we observe the impact of traffic ratio to flexible duplex. For static TDD, DL geometry is a traditional wideband and static SINR. For UL, one UE is selected randomly per cell, and the selected UE in each cell is scheduled uplink transmission over the whole bandwidth. UE transmit power control parameters P0=75dBm and =0.8 are assumed. For flexible duplex, in order to simulate cross-link interference, DL or UL is randomly determined per cell with DL and UL selection ratio DL:UL={1:1,2:1,4:1}. UL TPC parameters are identical to the case of static TDD for simplicity. All other parameters can be found in appendix B.
[image: ][image: ][image: ]
[bookmark: OLE_LINK350][bookmark: OLE_LINK351]Figure 2: Downlink geometry for flexible duplex with different traffic ratios on 30GHz

[bookmark: OLE_LINK319]Appendix B: Summary of simulation parameters

	Parameters
	Indoor hotspot

	Layout
	Single layer
 - Indoor floor: (3 site per 120m x 50m, 3 TRP per site)
[image: ]

	Inter-BS distance
	40m

	Minimum BS-UE (2D) distance 
	0m

	Carrier frequency 
	4GHz/30GHz on unpaired spectrum

	Simulation bandwidth 
	20MHz per CC for 4GHz, 80MHz per CC for 30GHz

	Channel model 
	Below 6GHz:
 TRP-to-UE: ITU InH 
 TRP-to-TRP: ITU InH (h_UE=3m)
 UE-to-UE: A.2.1.2 in TR36.843 
Above 6GHz:
 TRP-to-UE: 5GCM Indoor-office
 TRP-to-TRP: 5GCM Indoor-office (h_UE=3m)
 UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

	Penetration loss
	Follow [5]

	BS Tx power 
	Below 6GHz: 24 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24 dBm
Above 6GHz: 23 dBm [scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 23 dBm]

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	Below 6GHz:
(M,N,P,Mg,Ng)=(4,4,2,1,1)   (dH,dV)=(0.5,0.5)λ
For around 30GHz: 
(M, N, P, Mg, Ng)=(4,8,2,1,1)  (dH,dV) = (0.5, 0.5)λ

	BS antenna configuration
	


	BS antenna height 
	3m

	BS anteena element gain + connector loss
	5dBi

	BS antenna tilt
	110deg

	BS receiver noise figure 
	Below 6GHz: 5 dB
[bookmark: OLE_LINK284][bookmark: OLE_LINK285]Above 6GHz: 7 dB

	UE antenna elements
	Omni TX2RX2 for start point

	UE antenna height
	1.5m

	UE antenna gain
	For below 6GHz: Follow the modeling of TR36.873
Above 6GHz: 5dBi

	UE receiver noise figure
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Below 6GHz: 9 dB
Above 6GHz: 13 dB (baseline);

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 
For bandwidth 20M
Ratio of DL/UL traffic ={1:1}with {λDL, λUL} ={0.15, 0.15},
[bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: _Hlk465931540][bookmark: OLE_LINK343][bookmark: OLE_LINK344][bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK160][bookmark: OLE_LINK161]Ratio of DL/UL traffic ={2:1}with {λDL, λUL} ={0.2, 0.1}, 
Ratio of DL/UL traffic ={4:1}with {λDL, λUL} ={0.25,0.0625}
For bandwidth 80M
Ratio of DL/UL traffic ={1:1}with {λDL, λUL} ={0.45, 0.45},
Ratio of DL/UL traffic ={2:1}with {λDL, λUL} ={0.6, 0.3}, 
Ratio of DL/UL traffic ={4:1}with {λDL, λUL} ={0.75,0.1875}

	UE distribution
	For FTP traffic model 3: 10 users per TRP 
100% indoor (3km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	BS receiver 
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	UE association
	based on RSRP measurement

	Transmission mode
	SU-MIMO with rank adaptation
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