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1. Introduction

In RAN1#86 [1], several aspects regarding flexible duplex such as cross-link interference handling and resource allocation were discussed and the related conclusion and agreement were made as follows [1]:
	Conclusion:

· 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 

Agreements:

· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra


In this contribution, we present preliminary evaluation results for flexible duplex in dense urban scenario based on the agreed evaluation assumptions in [2-4]. 

2. Evaluation methodology 
We herein evaluate flexible duplex system for dense urban scenario according to the agreed evaluation assumptions in [2-4] for which the detailed assumptions are given in Appendix. We focus on dense urban scenario especially for the following option:

· Two layers with 4 GHz for macro cells and 30 GHz for micro cells
· 3 micro BSs per macro BS
· Cell selection based on RSRQ
Under the above option, DL and UL geometries for micro cells and UEs attached to micro cells are evaluated. Specifically, the results of a scenario under flexible resource utilization are presented and for comparison, the results of a scenario under “static” resource utilization (i.e., without cross-link interference by aligning DL/UL transmission direction among cells) are also considered with assuming that a wideband SINR is measured for DL, and for UL also a SINR is measured for one UE randomly chosen per cell with entire bandwidth allocation for UL transmission. In order to see the performance of “flexible” duplex operation, a wideband SINR is also considered under the assumption that DL/UL transmission direction of each cell is determined randomly according to the traffic model in which the ratio of DL/UL traffic is {1:1}, {2:1}, or {4:1}. For UL power control, the parameters assumed in eIMTA SI [5] for pico UE are taken into account: P0 = -76 dBm, alpha = 0.8. Considering that TRP-to-TRP interference may hinder UL reception of one TRP from DL transmission of other TRP, DL power adjustment is also considered in order to mitigate such cross-link interference between TRPs. In specific, DL transmit power of micro cells is reduced by 10 dB without considering neighbour cells’ DL/UL transmission direction for our simulation while the maximum DL transmit power is 33 dBm. 
3. Evaluation results 
We provide our preliminary evaluation results in dense urban scenario. In Figures 1 and 2, DL and UL geometries for micro cells are shown for “static” and “flexible” resource utilization cases under the assumptions described in Section 2. Without any cross-link interference mitigation, it can be observed that UL geometry for flexible resource utilization case shows performance degradation compared with that for static resource utilization case while flexible resource utilization case provides better SINR performance in DL since the transmit power of UE is typically lower than that of micro cell and propagation loss for link between UEs has a tendency of decreasing rapidly with respect to distance than for link between micro cells. Furthermore, indoor UEs will suffer from high building penetration loss as well. Obviously, UL geometry of heavier DL traffic case (e.g., {4:1}) gets worse due to more frequent TRP-to-TRP interference from neighbour cells under DL transmission toward UL reception. 
With DL power reduction, as one of cross-link interference mitigation schemes, it can be seen that UL geometry for flexible resource utilization case is notably improved with marginal loss of DL geometry performance. As shown in Figure 1, since DL geometry of UEs attached to micro cells is relatively high under static resource utilization, the DL geometry with DL power reduction to mitigate cross-link interference seems still to be within reasonable operational range under flexible resource utilization as in Figure 2. Note that this DL power reduction regardless of neighbour cells’ DL/UL transmission direction may be somewhat pessimistic. If coordination among cells on intended DL/UL transmission direction is possible and thus a cell may reduce its downlink power only on the intended UL resources or flexible resources, then the loss of DL geometry may be further restrained.  Although the performance is shown for flexible duplex operation with one of cross-link interference mitigation schemes (e.g., DL power reduction), it can be expected that cross-link interference will be able to further reduced with the aid of more various interference mitigation schemes.  
Observation: From our preliminary evaluation results, it can be observed that UL geometry degradation due to TRP-to-TRP interference is considerably reduced by one of cross-link interference mitigation schemes (e.g., DL power adjustment) at the expense of marginal DL geometry loss.   
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Figure 1. DL and UL geometries without cross-link interference mitigation
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Figure 2. DL and UL geometries with cross-link interference mitigation (e.g., DL power reduction)
4. Conclusions

In this contribution, we showed some preliminary system-level evaluation results for flexible duplex in dense urban scenario. Based on the results, we made the following observation:

Observation: From our preliminary evaluation results, it can be observed that UL geometry degradation due to TRP-to-TRP interference is considerably reduced by one of cross-link interference mitigation schemes (e.g., DL power adjustment) at the expense of marginal DL geometry loss.
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Appendix 

Table 1. Evaluation assumptions
	Parameters
	Dense urban

	Layout
	Two layer

Macro layer: Hex. Grid

Micro layer: Random drop (All micro BSs are all outdoor)

· 3 micro BSs per macro BS

	Inter-BS distance
	Macro-to-Macro: 200m
Micro-to-Micro: 40m
Macro-to-Micro: 40m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]

Micro-to-UE: 10m [TR36.897]

	Carrier frequency
	Macro layer: 4GHz 

Micro layer: 30GHz

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

30GHz and 70 GHz: Up to1GHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6GHz 

80 MHz per CC above 6GHz

	Channel model
	Below 6GHz: 3D UMa (Macro layer)
Above 6GHz: 5GCM UMi (Micro layer)

	BS Tx power
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm

Micro layer:

4 GHz: 33dBm for 20MHz system bandwidth

Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm.

	UE Tx power
	23dBm

	BS antenna configurations
	4GHz Macro: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ
30GHz Micro: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV, dH,g, dV,g) = (0.5, 0.5, 4.0, 2.0)λ

	BS antenna height
	25m for macro cells and 10m for micro cells

	BS antenna element gain pattern
	4GHz Macro: TR36.873
30GHz Micro: according to Table 2


	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	4GHz: 2 Tx/2 Rx
30GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), Θmg,ng=90; Ω0,1=Ω0,0+180; (dH, dV, dH,g, dV,g) = (0.5, 0.5, 0, 0)λ

	UE antenna height
	hUT=3(nfl – 1) + 1.5
Outdoor UEs: nfl=1

Indoor UEs: nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)

	UE antenna gain
	According to Table 3

	UE receiver noise figure
	Below 6GHz: 9dB

Above 6GHz: 13dB

	UE distribution
	2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area
60 users per macro geographical area

80% indoor (3km/h), 20% outdoor (30km/h)

	Large-scale channel parameters
	Below 6GHz:

- Macro-to-UE: 3D UMa

- Macro-to-Macro: 3D UMa (h_UE=25m)

- UE-to-UE: A.2.1.2 in TR36.843

Above 6GHz:

- Micro-to-UE: 5GCM UMi 

- Micro-to-Micro: 5GCM UMi (h_UE=10m) 

- UE-to-UE: 5GCM UMi (h_BS=1.5m ~ 22.5m)

	Fast fading parameters
	Below 6GHz:

- Macro-to-UE: 3D Uma

- 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

- 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. 
Above 6GHz:

- Micro-to-UE: 5GCM Umi

- Micro to Micro: 5GCM 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: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support.

	Traffic model
	Ratio of DL/UL traffic = {1: 1}, {2:1}, {4:1} 

	Penetration loss between UEs
	According to Table A.2.1-12 in [4]


Table 2. BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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Table 3. UE antenna radiation pattern model 1
	Antenna element radiation pattern in [image: image9.png]8"
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	Antenna element radiation pattern in [image: image12.png]
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	Combining method for 3D antenna element pattern (dB)
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