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Introduction
[bookmark: _Ref129681832]In RAN1 #86 meeting, it was agreed that [1]
	· NR should support at least following design targets: 
· It should allow FDD operation on a paired spectrum 
· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing
· FFS: It should allow support of full duplex in a forward compatible way
· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particularly the second sub-bullet
· Note that some design targets may or may not be transparent to UE


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 [3][4][5]. In this contribution, some preliminary simulation results in indoor hotspot scenario are given and discussed. 
Discussion
Deployment and configuration
According to the summary on configuration of indoor TRP [2], some baseline parameters are given as:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]•        Option 1 (baseline at least for calibration): Bore sight direction is perpendicular to the ceiling.  Antenna model is taken from alternative 3 in [6] (90 degree HPBW in azimuth and zenith).
–       The number of sites is 3 and 12. Placements of 12 sites and 3 sites are shown as Figure 1.
–       Antenna array baseline configuration:
•        (M,N,P,Mg,Ng) = (4, 4, 2, 1, 1) , for 4GHz
[image: ][image: ]
(a) Placement for 3 TRPs                         (b) Placement for 12 TRPs
[bookmark: _Ref462941206]Figure 1: Layout of indoor office scenarios.
In this evaluation contribution, two layouts of TRP placement are considered for different user density.
Resource allocation and methodology
The downlink and uplink resource allocation for unpaired spectrum is discussed in [8]. 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.
In RAN1 #86 meetings [3], 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  {2:1} and{4:1}.
When the traffic ratio of DL/UL is 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 A, several scenarios with different TRP deployments 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 = 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
	4GHz: 20MHz (DL+UL)

	TRP Number
	3 or 12



To evaluate flexible duplex with flexible resource allocation, user perceived throughput (UPT) is used as evaluation metric, same as in LTE eIMTA [7].
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 2. 
[image: ]
[bookmark: _Ref462943265]Figure 2: Example of cross-link interference
For the indoor office scenarios with multiple TPRs in one room, cross-link interference including TRP-to-TRP and UE-to-UE 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 and beam-forming, are considered to assure the performance gain. The CIM discussion in detail is provided in contributions [9][10].
[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 the evaluation results for some typical traffic types. Fixed ratio of UL-DL subframes is the baseline, and flexible duplex schedulers can change its subframe direction according to the instant traffic radios.
[bookmark: _Ref462948205][bookmark: OLE_LINK156][bookmark: OLE_LINK157]Table 2: DL and UL Performance with 3-TRP deployment on 4GHz carrier 
	Radio of DL/UL traffic
	[bookmark: _Hlk462991861][bookmark: _Hlk462992445]Feature
	DL/UL subframe ratio
	DL RU (%)
	[bookmark: OLE_LINK118]DL Average UPT (Mbps)
	DL Average UPT Gain
	UL RU (%)
	[bookmark: OLE_LINK119]UL Average UPT (Mbps)
	UL Average UPT Gain

	2:1
	Baseline
	6:4
	26.38
	33.96
	
	9.3
	44.63
	

	
	Flexible duplex
	Dynamic
	
	50.63
	+49.09%
	
	54.87
	+22.95%

	[bookmark: _Hlk462992305]4:1
	Baseline
	4:1
	22.27
	46.74
	
	11.45
	23.98
	

	
	Flexible duplex
	Dynamic
	
	50.95
	+9.01%
	
	54.50
	+127.26%



[bookmark: _Ref462948217][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK143][bookmark: OLE_LINK144]Table 3: DL and UL Performance with 12-TRP deployment on 4GHz carrier
	[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125]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

	[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK39][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]2:1
	Baseline
	6:4
	31.31
	28.25
	
	11.13
	41.69
	

	
	Flexible duplex
	Dynamic
	
	42.69
	+51.11%
	
	48.81
	+17.09%

	4:1
	Baseline
	4:1
	31.12
	37.04
	
	11.56
	22.96
	

	
	Flexible duplex
	Dynamic
	
	39.06
	[bookmark: _GoBack]+5.46%
	
	47.99
	+108.99%



The following observations can be made from Tables 2 and 3.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Observation: 
[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK142][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK271][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK64]Flexible duplex with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario for 4GHz unpaired spectrum. Preliminary evaluation results shows that with flexible DL and UL transmission, it achieves significant gain in downlink (e.g., up to 51%) and in uplink (e.g., up to 127%) in indoor hotspot scenario.
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 can be made, 
Observation: Flexible duplex with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario for 4GHz unpaired spectrum. Preliminary evaluation results shows that with flexible DL and UL transmission, it achieves significant gain in downlink (e.g., up to 51%) and in uplink (e.g., up to 127%) in indoor hotspot scenario.
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Appendix A: Summary of simulation parameters
	Parameters
	Indoor hotspot

	Layout
	Single layer
 - Indoor floor: (3/12TRPs per 120m x 50m)

	Inter-BS distance
	40m/20m

	Minimum BS-UE (2D) distance 
	0m

	Carrier frequency 
	4GHz on unpaired spectrum

	Aggregated system 
bandwidth 
	4GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth 
	20MHz per CC for 4GHz

	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 

	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

	UE Tx power 
	Maximum 23 dBm 

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

	BS antenna configuration
	


	BS antenna height 
	3m

	BS anteena element gain + connector loss
	5dBi

	BS antenna tilt
	0deg

	BS receiver noise figure 
	Below 6GHz: 5 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


	UE receiver noise figure
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Below 6GHz: 9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 
[bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK160][bookmark: OLE_LINK161]Ratio of DL/UL traffic ={2:1}with {λDL, λUL} ={0.25, 0.125}, and Ratio of DL/UL traffic ={4:1}with {λDL, λUL} ={ 0.3,0.075}

	UE distribution
	For FTP traffic model 3: 10 users per macro 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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