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Introduction
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 
Flexible duplex allows flexible resource allocation among different transmission directions, for both paired and unpaired spectrum. To study the feasibility as well as to identify the challenges of flexible duplex on paired and un-paired spectrum in various deployment scenarios, comprehensive evaluations are needed. In RAN1 #86 meeting, some evaluation assumptions for flexible duplex were agreed [2][3][4]. Dense urban, urban macro and indoor hotspot would be considered. 
In this contribution, some preliminary evaluation results for urban macro with beam coordination and advanced IRC receiver are provided and discussed.  
Discussion on key simulation assumptions
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. For detailed system-level simulation parameters, the parameters in Appendix A are used, which are aligned with RAN1#86 agreements [2][3][4].
Network layout
In this contribution, the focus is on one operator scenario and the single-layer layout for urban macro is used. The detailed layout set is as follows:
· Macro layer: Hex. Grid
Further, for urban macro scenario where inter-site distance (ISD) is usually 500m or even larger, lower frequency band will be used. For this consideration, 2GHz and 4GHz are employed in the evaluation. 
Both paired and unpaired spectrum are considered in this contribution, and 2GHz would be a good candidate to evaluate paired spectrum case. Therefore, two simulation cases are considered for urban macro single-layer deployment:
· 2GHz: Macro layer with paired spectrum
· 4GHz: Macro layer with unpaired spectrum
Downlink and uplink resource allocation
Flexible duplex allows flexible resource allocation among different transmission directions, for both paired and unpaired spectrum. For the evaluation, the downlink-uplink resource allocation on both paired spectrum and unpaired spectrum is summarized in Table 1. 
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}, {4:1}.
[bookmark: _Ref462231473]Table 1 simulation setup parameters and resource allocations
(a) Paired spectrum
	
	DL/UL
	Baseline (Traditional FDD)
	Flexible duplex

	DL/UL subframe ratio
	DL carrier
	DL only transmission
	· DL data transmission
· SRS transmission

	
	UL carrier
	UL only transmission
	Flexible UL/DL subframe ratio allocation

	DL/UL carrier bandwidth
	DL carrier
	2GHz: 10MHz

	
	UL carrier
	2GHz: 10MHz



(b) Unpaired spectrum
	
	Baseline (Traditional TDD)
	Flexible duplex

	DL/UL subframe ratio
	semi-static subframe allocation 
· For DL:UL traffic ratio = 1:1 or 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)


SRS transmission in downlink dominant spectrum
In contribution [5], SRS transmission in the downlink dominant spectrum of paired spectrum to improve the MIMO performance is discussed. In the preliminary simulation, we select 2 subframes out of 10 subframes to transmit SRS, which is depicted as in Figure 1. 


Figure 1. Example of SRS transmission on the downlink dominant spectrum
Modelling of cross-link interference mitigation
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 regardless paired or unpaired spectrum. An example is shown in Figure 2. 
[image: ]
Figure 2. Example of cross-link interference
In the simulation, the cross-link interference is modeled with appropriate propagation characteristics as given in [3] and [4]. It is noted that for urban macro scenario, 80% UEs are indoor UEs and 20% UEs are outdoor UEs, and the UE-to-UE cross-link refers to the link between UEs connected to different TRPs. In this case, it is very likely such cross-link is between UEs in different bulidings. In such cases, the  peneration loss would be large. The UE-to-UE cross link interference in  urban macro scenario is therefore not very severe. On ther other hand, all TRPs are outdoor, with large transmission powers. And the height of TRPs are higher than UE side, which results in higher probability of LOS channel betewen TRPs. All these factors lead to severe interference between TRP-to-TRP cross-link and will severely degrade the uplink performance. To assure the performance gain, cross-link interference management schemes need to be considered [6].
In NR, MIMO is a key feature to improve the system throughput. For cross link interference mitigation, beamforming and beam nulling are also promising. For TRP-to-TRP links, it is noted that the angle spread is small in both arrival angle and departure angle according to the channel model, so beamforming and beam nulling are effective to mitigate a number of TRP-to-TRP interference links simultaneously. In LTE studies such as NAICS and MUST etc., advanced receivers are studied and are used for interference suppression. In [6], it is observed that advanced receivers, e.g., IRC receiver can significantly reduce the cross link interference level with low complexity.
In this contribution, massive MIMO is used, for the TRP-to-TRP and UE-to-UE interference mitigation, beam coordination and advanced IRC receiver are used to mitigate the influence of the cross-link interference [6] to assure the performance.
Simulation results
This section shows the preliminary evaluation results for different scenarios based on the above simulation assumptions.
Flexible duplex on paired spectrum @ 2GHz
SRS transmission in downlink dominant spectrum
In this section, the evaluation results of SRS transmission in the downlink dominant spectrum [5] are presented in Table 2, as discussed in section 2.3. 
Table 2 DL Performance evaluation with SRS@ DL dominant spectrum
	Antenna configure
	Feature
	Cell Average Throughput (Mbps)
	Cell Average Throughput Gain
	Cell edge Throughput (Mbps)
	Cell edge Throughput Gain

	4TXRU
	Baseline (DL only)
	23.54
	-
	0.57 
	-

	
	SRS@ DL part carrier
	32.17
	+36.66%
	0.66
	+15.79%

	8TXRU
	Baseline (DL only)
	34.65
	-
	0.92
	-

	
	SRS@ DL part carrier
	48.55
	+40.11%
	1.07
	+16.30%



Observation 1:
SRS in the downlink dominant frequency carrier can significantly improve the downlink performance of the MIMO of the paired spectrum. It achieves considerable throughput gain in downlink (e.g., cell average throughput up to 40%, cell edge throughput up to 16%) in urban macro scenario.
Downlink data transmission in both paired spectrum
In this section, the evaluation results of flexible duplex for 2GHz paired spectrum with flexible UL/DL subframe ratio allocation in UL part carrier are presented in Table 3, as discussed in section 2.2. For flexible duplex, in UL carrier of the paired spectrum, the DL-UL subframe ratio is dynamically changed according to the DL and UL traffic load ratio. For some frames, if there is no UL traffic, the DL-UL subframe allocation ratio is set to be 9:1 at the UL carrier. 
[bookmark: _Ref462236520]Table 3 Performance evaluation of flexible duplex at paired spectrum @ 2GHz
	Ratio of DL/UL traffic
	Feature
	DL RU(%)
	DL Average UPT(Mbps)
	DL Average UPT Gain
	UL RU(%)
	UL Average UPT(Mbps)
	UL Average UPT Gain

	4:1
	Baseline
	21.30
	38.12
	-
	5.59
	24.01
	-

	
	Flexible duplex
	
	53.60
	+40.61%
	
	22.81
	-5.00%



It is observed from the simulation results that DL performance can be improved due to the increased resource for the downlink transmission. For the UL performance, tiny performance degradation is observed due to the fact that less resource can be used for UL compared to the baseline. 
It shall be noted that massive MIMO with beam coordination and advanced IRC receiver are used in the evaluations for the interference mitigation [6].
Based on the above simulation results, we have the following observation.

Observation 2: 
Downlink data transmission in both paired spectrum can significantly improve the downlink performance of the paired spectrum. Preliminary evaluation results shows that with cross-link interference mitigation, it achieves considerable gain over traditional FDD with symmetric DL and UL bandwidth in downlink (e.g., up to 40%) and similar performance in uplink in urban macro scenario.
Flexible duplex on unpaired spectrum @ 4GHz
In this section, the evaluation results of flexible duplex for 4GHz unpaired spectrum case are presented in Table 4. The DL-UL subframe ratio of 6:4 and 4:1 are used in baseline, as discussed in section 2.2. The flexible duplex uses dynamic subframe ratio allocation, which is adapted according to the downlink and uplink traffic load ratio. 
Table 4 Performance evaluation of flexible duplex at unpaired spectrum @ 4GHz
	Ratio 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
	6.17
	50.40
	-
	25.32
	11.66
	-

	
	Flexible duplex
	Dynamic
	
	54.62
	+8.37%
	
	13.83
	+18.61%

	2:1
	Baseline 
	4:4
	9.54
	48.61
	-
	19.80
	11.35
	-

	
	Flexible duplex
	Dynamic
	
	53.33
	+9.71%
	
	12.82
	+12.95%

	4:1
	Baseline 
	4:1
	11.78
	60.06
	-
	22.70
	6.27
	-

	
	Flexible duplex
	Dynamic
	
	60.22
	+0.27%
	
	10.93
	+74.32%



It is observed from the simulation that there are occasions when the network needs to serve DL packet only, or UL packet only. In this case, flexible duplex enjoys the flexibility of allocating DL/UL subframe ratio appropriately to match the instantaneous need of DL and UL traffic, e.g., to allocate a high DL ratio when there is dominant DL traffic. In this case, the DL radio resource is boosted compared to static DL/UL subframe ratio allocation, where the UL resource ratio is always reserved irrespective whether there is UL traffic or not. Such resource increase benefits the user perceived throughput. The interference mitigation schemes are the same with section 3.1.2.
Based on the above simulation results, we have the following observation.
Observation 3: 
Flexible duplex in unpaired spectrum can improve both the downlink and uplink performance. Preliminary evaluation results show that with cross-link interference mitigation, it achieves considerable gain over TDD with static subframe ratio allocation in uplink (e.g., up to 74%) and downlink (e.g., up to 9%) in urban macro scenario.
Conclusions
In this contribution, we provided some preliminary evaluation results of flexible duplex in urban macro scenarios. The observations are summarized as follows.
Observation 1:
SRS in the downlink dominant frequency carrier can significantly improve the downlink performance of the MIMO of the paired spectrum. It achieves considerable throughput gain in downlink (e.g., cell average throughput up to 40%, cell edge throughput up to 16%) in urban macro scenario.
Observation 2: 
Downlink data transmission in both paired spectrum can significantly improve the downlink performance of the paired spectrum. Preliminary evaluation results shows that with cross-link interference mitigation, it achieves considerable gain over traditional FDD with symmetric DL and UL bandwidth in downlink (e.g., up to 40%) and similar performance in uplink in urban macro scenario.
Observation 3: 
Flexible duplex in unpaired spectrum can improve both the downlink and uplink performance. Preliminary evaluation results show that with cross-link interference mitigation, it achieves considerable gain over TDD with static subframe ratio allocation in uplink (e.g., up to 74%) and downlink (e.g., up to 9%) in urban macro scenario.
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Appendix A
	Parameters
	Urban Macro

	Layout
	Single layer:
 -Macro layer: Hex. Grid 
19 site, 3sector per site

	Inter-BS distance
	500m

	Minimum BS-UE (2D) distance 
	35m

	Minimum UE-UE (2D) distance 
	3m

	Carrier frequency 
	2GHz，4GHz

	Aggregated system 
bandwidth 
	2GHz: Up to 40 MHz (DL+UL)
4GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth 
	2GHz : 10MHz (DL)+ 10MHz(UL)  (FDD)
4GHZ: 20MHz (TDD) 

	Channel model 
	Below 6GHz:
 Macro-to-UE: 3D UMa 
 Micro-to-UE: 3D UMi 
 Macro-to-Macro: 3D UMa (h_UE=25m)
 Macro-to-Micro: 3D UMa (h_UE=10m)
 Micro-to-Micro: 3D UMi (h_UE=10m)
 UE-to-UE: A.2.1.2 in TR36.843 

	Penetration loss
	Follow [4]

	Fast fading channel model
	Below 6GHz:
Macro-to-UE: 3D UMa
Micro-to-UE: 3D Umi
Macro to Macro: 3D UMa O-to-O (h_UE=25m); ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
Macro to Micro: 3D Uma O-to-O
Micro to Micro: 3D Umi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
UE to UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support.

	BS Tx power 
	Below 6GHz: 49 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49 dBm 

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	Below 6GHz: 
 Baseline:
 (M,N,P,Mg,Ng)=(8,8,2,1,1)
 (dH,dV)=(0.5,0.8)λ  

	BS antenna configuration
	


	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8dBi

	BS antenna tilt
	99deg

	BS receiver noise figure 
	Below 6GHz: 5 dB

	UE antenna configuration 
	


	UE antenna elements
	Below 6GHz: 2Tx and 2Rx

	UE antenna
	

 
  for outdoor UEs: 1




 for indoor UEs: ~uniform(1, ) where ~uniform(4,8)

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

	UE receiver noise figure
	Below 6GHz: 9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 
Paired spectrum:
[bookmark: _GoBack]Ratio of DL/UL traffic = {4:1}-the DL packet arrival rate λ is 0.36
unaired spectrum:
Ratio of DL/UL traffic = {1:1}-the DL packet arrival rate λ is 0.26
                                         {2:1}-the DL packet arrival rate λ is 0.30
                                         {4:1}-the DL packet arrival rate λ is 0.36

	UE distribution
	10 users per macro TRP 
80% indoor (3km/h) and 20% outdoor (30km/h)

	UE receiver
	advanced IRC

	BS receiver 
	advanced IRC

	UE association
	based on RSRP measurement

	Transmission mode
	SU-MIMO with rank adaptation
MU-MIMO
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