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1. Introduction

In RAN1 NR Ad-hoc [1], extensive discussions were occurred regarding how to capture performance evaluation results and the related agreement and conclusion were made as follows:
	Aggrement:
· In TR38.802, system evaluation results for flexible duplexing should be captured with common template
· Companies provide system evaluation results with common template in next slide
· Companies shall provide selected evaluation assumption(s) if multiple options are allowed in the agreed evaluation assumption
· Companies shall provide additional (if any) evaluation assumptions if not included in the agreed evaluation assumptions
· Companies shall provide sufficient details on the simulated interference mitigation/cancellation schemes
· RAN1 will collect the results in RAN1#88
· It is up to editor how to capture collected results into TR

· common template are as follows:
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Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

* if any





Conclusion:

· Companies are encouraged to perform evaluations under various RU percentage values

· Note: the RU for a link direction (DL or UL) herein is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions)

· Companies should also report assumptions regarding backhaul

· In performing evaluations for flexible duplexing operation, companies should take into account additional overhead for the operation. 


In this contribution, we present evaluation results for duplexing flexibility 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, additional detailed assumptions are considered for evaluation as follows:

· Simulation mode

· “Static resource utilization”: assuming no cross-link interference by aligning DL/UL transmission direction among cells.
· “Flexible resource utilization”: assuming duplexing flexibility according to traffic load of each cell. In specific, DL/UL direction per each cell is adapted every 10ms by calculating the ratio of remaining data in DL buffer and UL buffer.
· UL power control
· Open loop power control is considered with the parameters assumed in eIMTA SI [5] for pico UE given by P0 = -88 dBm, alpha = 0.8. For flexible resource utilization, TRP can change its transmission direction from UL indicated by reference UL/DL configuration to DL according to traffic load in flexible subframe, which may induce cross-link interference. In order to overcome such cross-link interference from aggressor TRPs, UL power boosting of 3 dB is assumed only at the flexible subframe.
· DL power adjustment
· DL power reduction is considered in order to mitigate cross-link interference between TRPs which may hinder UL reception of one TRP from DL transmission of other TRP. For example, TRP with having “DL” direction reduces DL power in (flexible) subframe where the transmission direction of reference configuration is UL, which is based on target IoT level in the UL reception of the closest TRP [6]. The maximum DL transmit power for micro cell is restricted up to 33 dBm.
· Metric

· DL/UL UE packet throughput (UPT)
· 5%-tile, 50%-tile, 95%-tile, and Average UPT agreed at the last meeting
3. Evaluation results 
In this section, we present the evaluation results in dense urban scenario to investigate the benefit of duplexing flexibility with common template [7]. As a baseline, the ratios of DL/UL subframe for “static resource utilization” are set to {6:4} for the ratio of DL/UL traffic of {2:1}. In our evaluation, DL power reduction for flexible subframe is adopted for suppressing cross-link interference from aggressor (i.e., cell which intends to change its transmission direction at a certain subframe from its reference transmission direction) to victim cell. Furthermore, UL power boosting is also adopted for guaranteeing UL performance against the cross-link interference from aggressor TRPs and our companion’s contribution has the detailed explanation of UL power control [8]. Note that this UL power boosting is activated only at flexible subframe in which TRP can change its transmission direction from UL to DL according to traffic load when the subframe is indicated as UL by reference UL/DL configuration exchanged among TRPs.  

From Table 1, it is observed that the duplexing flexibility with adaptive resource utilization according to DL/UL traffic load can provide significant DL UPT gain compared with static resource utilization while UL UPT performance is drastically degraded due to unaligned transmission direction among TRPs. Particularly, the UL UPT with flexible resource utilization shows notable performance gain over static resource utilization with aid of DL power reduction to mitigate interference between TRPs. Even with such DL power reduction, marginal gain can be still shown for the DL UPT as well. With DL power reduction and UL power boosting, both DL and UL UPT of flexible resource utilization can be notably improved compared with static resource utilization.
Observation: It is observed that significant performance gain of DL and UL user perceived throughputs can be achieved by duplexing flexibility operation with one of cross-link interference mitigation schemes (e.g., DL power adjustment and UL power boosting).   
Proposal: Evaluation results in Table 1 should be considered as outcomes of duplexing flexibility. 

	Dense urban scenario

	Ratio 
of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)

	2:1
	Static ({DL:UL}={6:4})
	65.02
	136.53
	178.09
	127.99
	0.97
	14.9
	33.03
	65.02
	95.26
	65.39
	0.93
	9.37

	
	Duplexing flexibility w/o CLI mitigation scheme
	77.28
(18.87%)
	170.67
(25.00%)
	240.94
(35.29%)
	163.16
(27.47%)
	0.97
	15.0
	17.21
(-47.90%)
	39.77
(-38.83%)
	89.04
(-6.52%)
	44.19
(-32.42%)
	0.88
	15.53

	
	Duplexing flexibility w/ CLI mitigation scheme
	68.27
(5.00%)
	141.24
(3.45%)
	215.58
(21.05%)
	139.98
(9.36%)
	0.97
	17.62
	34.71
(5.08%)
	73.14
(12.50%)
	117.03
(22.86%)
	73.65
(12.64%)
	0.94
	10.02

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

· DL power control: TRP with having “DL” direction reduces DL power in (flexible) subframe where the transmission direction of reference configuration is UL, which is based on target IoT level in the UL reception of the closest TRP. 
· UL power control: UL power boosting of 3 dB is assumed only at the flexible subframe where TRP changes its transmission direction from UL indicated by reference UL/DL configuration to DL 


Table 1. UE DL/UL packet throughput
4. Conclusions

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

Observation: It is observed that significant performance gain of DL and UL user perceived throughputs can be achieved by duplexing flexibility operation with one of cross-link interference mitigation schemes (e.g., DL power adjustment and UL power boosting).   
Proposal: Evaluation results in Table 1 should be considered as outcomes of duplexing flexibility.   
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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
	FTP traffic model 3 with packet size 0.5 Mbytes
Ratio of DL/UL traffic = {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)
	
[image: image2.wmf]30

,

65

,

,

90

12

min

)

(

0

3

2

3

0

,

=

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

¢

¢

-

=

¢

¢

V

dB

V

dB

V

E

SLA

SLA

A

q

q

q

q



	Antenna element horizontal radiation pattern (dB)
	
[image: image3.wmf]30

,

65

,

,

12

min

)

(

0

3

2

3

,

=

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

¢

¢

-

=

¢

¢

m

dB

m

dB

H

E

A

A

A

j

j

j

j



	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: image6.png]8"



 dim (dB)
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	Antenna element radiation pattern in [image: image9.png]
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	Combining method for 3D antenna element pattern (dB)
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