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1. [bookmark: _Ref521334010]Introduction
During RAN#94-e meeting, the new study item “Study on evolution of NR duplex operation” was approved and the SID was updated in [1] in RAN#95-e. The detailed objectives are as follows:
	· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 


In this contribution, we provide our analysis and views on deployment scenarios, evaluation methodology including interference modeling for SubBand non-overlapping full duplex (SBFD) and evaluation assumptions.
2. Discussion
1 
2 
1. 
2. 
2.1. Deployment scenarios
2.1.1. SBFD 
During Rel-14 NR SI phase [2], flexible duplexing focused on three deployment scenarios including indoor hotspot, dense urban and urban macro. Compared to traditional TDD operation, the expected benefits of SBFD include enhanced UL coverage, reduced latency, improved system capacity and improved configuration flexibility for NR TDD operations in unpaired spectrum. In order to have a thorough analysis on the benefits of SBFD, it is proposed to consider the three deployment scenarios, i.e. indoor hotspot, dense urban and urban macro for SBFD evaluation.
For indoor hotspot, 6 BSs and 12 BSs per 120m x 50m as shown in Figure 1 are proposed for FR1 and FR 2 respectively. 
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[bookmark: _Ref102036074]Figure 1: Layout for indoor hotspot for FR1 (left) and FR2 (right)
For both dense urban and urban macro, a single macro layer with ISD=200m and 500m respectively are proposed as shown in Figure 2.
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[bookmark: _Ref102036291]Figure 2: Layout for dense urban and urban macro (ISD =200m for dense urban; ISD=500m for urban macro)
Proposal 1: The deployment scenarios for SBFD evaluation include indoor hotspot, dense urban and urban macro. 
2.1.2. Flexible/dynamic TDD
Considering the fact that lower transmission power at gNB side will alleviate gNB-to-gNB CLI impact, indoor hotspot scenario as depicted in Figure 1 is proposed to be included for flexible/dynamic TDD evaluation. In addition, a heterogeneous deployment with macro layer and indoor is another attractive scenario for flexible/dynamic TDD where different TDD UL-DL configurations may be desirable for outdoor and indoor. We therefore propose to include this case as shown in Figure 3 for flexible/dynamic TDD evaluation as well.
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[bookmark: _Ref102036948]Figure 3: heterogeneous deployment with macro and indoor
Proposal 2: The deployment scenarios for flexible/dynamic TDD evaluation include indoor hotspot and heterogeneous deployment with macro and indoor.
2.2. Evaluation methodology
In both Rel-14 SI and Rel-16 CLI WI, system level simulations were used for evaluation. For Rel-18 SBFD and flexible/dynamic TDD, it is proposed to continue using system level simulation for evaluation.
Proposal 3: System-level evaluation is used for Rel-18 SBFD and flexible/dynamic TDD evaluation. 
Compared with semi-static and dynamic TDD, new interference scenarios are introduced for SBFD. Therefore, interference modeling for the new interference scenarios needs to be discussed before evaluation.
Self-interference occurs at gNB side due to simultaneous transmission and reception on different subbands. As discussed in our companion contribution [3], self-interference would lead to BS in-band blocking without self-interference mitigation. Solutions including spatial isolation, analog domain and digital domain interference mitigation can be considered as shown in Figure 4.


[bookmark: _Ref102044061]Figure 4: self-interference mitigation
For evaluation purpose, it is proposed to model self-interference power according to equation (1) below, where value of X and the required guard band between DL and UL subbands depend on the inputs from RAN4. Before the feedback from RAN4, RAN1 can discuss to have a preliminary value at least for calibration purpose.
Pself-interference= BS Tx power + BS antenna gain – X                                                   (1)
Proposal 4: Self-interference power for SBFD evaluation is modeled according to the following equation:
· Pself-interference = BS Tx power + BS antenna gain – X
· Value of X is FFS subject to RAN4’s inputs
In addition to self-interference, there are inter-sector and inter-gNB CLI as shown in Figure 5. Assuming, the subband configuration across all the cells is the same, there is inter-subband CLI only. However, if the subband configurations across all the cells are different, there would be intra-subband CLI in addition, which is similar as CLI in flexible/dynamic TDD. For SBFD evaluation, we propose to prioritize the case that subband configuration across all the cells operating SBFD is the same.
Proposal 5: For SBFD evaluation, prioritize the case that subband configuration across all the cells operating SBFD is the same.
For inter-gNB CLI, the propagation loss helps to reduce the received interference power. For inter-sector CLI, the interference power depends on the antenna isolation between different sectors and potential analog domain and digital domain interference mitigation solutions.
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[bookmark: _Ref102044815]Figure 5: inter-sector/inter-gNB CLI
Similar as modeling of self-interference, it is proposed to model inter-sector and inter-gNB CLI according to equation (2) and (3) respectively, where the values of Y1 and Y2 depend on the inputs from RAN4. RAN1 can also discuss to have preliminary assumptions at least for calibration purpose.
Pinter-sector inter-SB CLI = aggressor sector Tx power + aggressor sector Tx antenna gain + victim sector Rx antenna gain– Y1                   (2)
Pinter-gNB inter-SB CLI = aggressor gNB Tx power + aggressor gNB Tx antenna gain + victim gNB Rx antenna gain– PL – Y2                   (3)
Proposal 6: Inter-sector inter-subband CLI power and inter-gNB inter-subband CLI power are modeled according to the following equations respectively:
· Pinter-sector inter-SB CLI = aggressor sector Tx power + aggressor sector Tx antenna gain + victim sector Rx antenna gain– Y1
· Pinter-gNB inter-SB CLI = aggressor gNB Tx power + aggressor gNB Tx antenna gain + victim gNB Rx antenna gain– PL – Y2
· Values of Y1 and Y2 are FFS subject to RAN4’s inputs
Both intra-cell and inter-cell UE-to-UE inter-subband CLI may occur as shown in Figure 6.
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[bookmark: _Ref102045755]Figure 6: UE-to-UE inter-subband CLI
It is propose to model UE-to-UE inter-subband CLI according to equation (4) below.
[bookmark: _GoBack]Pinter UE inter-SB CLI = aggressor UE Tx power + aggressor UE Tx antenna gain + victim UE Rx antenna gain– PL – Z           (4)
Proposal 7: UE-to-UE inter-subband CLI power is modeled according to the following equation:
· Pinter UE inter-SB CLI = aggressor UE Tx power + aggressor UE Tx antenna gain + victim UE Rx antenna gain– PL – Z
· Value of Z is FFS subject to RAN4’s inputs
Proposal 8: FFS the guard band required between UL and DL subbands.
Given the new interference scenarios introduced for SBFD, calibration would be needed and SINR CDF can be used for the purpose.
Proposal 9: Perform system platform calibration for SBFD evaluation with SINR CDF.
For performance evaluation, both User Perceived Throughput (UPT) and user plane latency [4] are proposed as performance matrics for SBFD to show the potential benefits in terms of system capacity increase and latency reduction.
For flexible/dynamic TDD, UL/DL UPT is proposed as performance metric.
Proposal 10: Adopt DL/UL UPT and user plane latency as performance metrics for SBFD evaluation.
Proposal 11: Adopt DL/UL UPT as performance metric for flexible/dynamic TDD evaluation.
2.3. Evaluation assumptions 
2.3.1. SBFD
The baseline for comparison for SBFD needs to be discussed and determined. Semi-static TDD is used in the current deployment and should be used as baseline. In addition, dynamic TDD is supported in the specification and can be considered as baseline as well. However, it is expected that the baseline performance across different companies may vary depending on how TDD configuration is dynamically changed.
Proposal 12: Adopt semi-static TDD as baseline for SBFD evaluation.
· FFS dynamic TDD
SBFD with and without potential CLI handling can be both evaluated. 
With respect to the co-existence evaluation, as SBFD is the evolution of NR TDD in unpaired spectrum, co-existence evaluation in RAN1 can focus only on TDD co-existing with SBFD at least for co-channel co-existence. As for the adjacent channel co-existence evaluation, it shall be led by RAN#4.
Proposal 13: Co-channel co-existing of SBFD with legacy TDD is studied in RAN1 and adjacent channel co-existence is led by RAN4.
For SBFD evaluation, various traffic loads which are represented by different resource utilization (RU) ratios should be considered to show the benefit of SBFD in different loads. For low RU ratio with a lot of non-occupied resources, configuring UL subband in DL symbols will enhance UL coverage and improve UL throughout via increased UL transmission duration. At the same time, DL throughput could also be improved as a result of shortened DL HARQ ACK feedback latency. For medium/high RU ratios, SBFD still can be expected to enhance UL coverage and improve UL throughout via increased UL transmission duration. However, DL throughput might be negatively affected due to less DL resources. Therefore different RU ratios should be considered during the evaluation to get a comprehensive analysis. It is proposed that 20%, 50% and 80% can be used as the reference values for low, medium and high RU ratios respectively. Alternatively, different packet arrival rates can represent different traffic loads. The actual RU can be calculated according to packet arrival rate, packet size and total resource. 
Proposal 14: Consider low, medium and high RU ratios in SBFD system evaluation.
Detailed simulation assumptions for SBFD evaluation are provided in Table 1.
Proposal 15: Adopt simulation assumptions in Table 1 for SBFD system evaluation.
[bookmark: _Ref102047508]Table 1: Simulation assumptions for SBFD system evaluation
	Parameters
	Indoor hotspot
	Dense urban
	Urban macro

	Layout
	Single layer
FR1: 6BSs per 120m x 50m
FR2: 12BSs per 120m x 50m
	Single layer
Macro layer: Hex. Grid
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance
	20m
	200m
	500m

	Minimum BS-UE (2D) distance
	0m
	35m

	Minimum UE-UE (2D) distance
	3m

	Carrier frequency
	FR1: 4GHz
FR2: 30GHz
	FR1: 4GHz

	Simulation bandwidth
	100MHz for FR1 and 200 MHz for FR2

	Channel model
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK5]- TRP-to-UE: InH-open office [5]
- TRP-to-TRP: InH-open office (hUE =3m) [5]
- UE-to-UE: UMi - Street Canyon (hBS =1.5m) [5]
	- Macro-to-UE: UMa [5]
- Macro-to-Macro: UMa (hUE =25m) [5]
- UE-to-UE: UMi - Street Canyon (hBS =1.5m) [5]

	BS antenna configuration
	For 4G: 
(Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.5) λ
For 30G: 
(Mg,Ng,M,N,P)=(1,1,4,8,2) (dH,dV)=(0.5,0.5) λ
	For 4G: 
(Mg,Ng,M,N,P)=(1,1,4,4,2)
(dH,dV)=(0.5,0.8) λ
For 30G: 
(Mg,Ng,M,N,P)=(1,1,8,8,2) 
(dH,dV)=(0.5,0.8) λ

	BS antenna height
	3m
	25 m
	25 m

	BS Tx power
	FR1: 24dBm
FR2: 23 dBm
	FR1: 44 dBm
FR2: 40 dBm
	FR1: 49dBm
FR2: 43dBm

	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]BS antenna element gain + connector loss
	0dBi
	8dBi

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	Omni

	UE antenna height
	1.5 m

	UE antenna gain
	0dBi

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance) [2]

	UE Tx power
	23dBm

	Traffic model
	FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes
Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional 

	UE distribution
	10 users per TRP

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


2.3.2. Flexible/dynamic TDD
For Rel-18 flexible/dynamic TDD, the evaluation should focus on the performance gains of new CLI handling schemes and the baseline should be the performance of flexible/dynamic TDD with existing CLI handling schemes. 
Proposal 16: Performance of flexible/dynamic TDD with existing CLI handling schemes is the baseline to show potential performance gain of new CLI handling schemes.
Detailed simulation assumptions for flexible/dynamic TDD are given in Table 2. 
Proposal 17: Adopt simulation assumptions in Table 2 for flexible/dynamic TDD system evaluation.
[bookmark: _Ref102048366]Table 2: simulation assumptions for flexible/dynamic TDD
	Parameters
	Indoor hotspot 
	Dense urban

	Layout
	Single layer
FR1: 6BSs per 120m x 50m 
FR2: 12BSs per 120m x 50m
	Two layer
Macro layer: Hex. Grid
Indoor: the number of Indoor per macro cell (drop randomly) = 1
FR1: 6BSs per 120m x 50m
FR2: 12BSs per 120m x 50m

	Inter-BS distance
	20m
	Macro-to-macro: 200m
The minimum distance between Macro to Indoor: 35 m

	Minimum BS-UE (2D) distance
	0m
	Indoor-to-Indoor: 0 m

	Minimum UE-UE (2D) distance
	3m

	Carrier frequency
	4GHz, 30GHz

	Simulation bandwidth
	100MHz for 4GHz and 200 MHz for 30GHz

	Channel model 
	- TRP-to-UE: InH-open office [5]
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]- TRP-to-TRP: InH-open office (hUE =3m) [5]
- UE-to-UE: UMi - Street Canyon (hBS =1.5m) [5]
	- Macro-to-UE: UMa [5]
- Macro-to-Macro: UMa (hUE =25m) [5]
- InH TRP-to-UE: InH-open office [5]
- InH TRP-to-InH TRP: InH-open office (hUE =3m) [5]
- Macro-to-InH TRP: UMa (with O2I penetration loss and hUE =3m) [5]
- UE-to-UE: UMi - Street Canyon (hBS =1.5m) [5]

	BS antenna configuration
	For 4G: (Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.5) λ
For 30G: (Mg,Ng,M,N,P)=(1,1,4,8,2) (dH,dV)=(0.5,0.5) λ
	For 4G: (Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.8) λ
For 30G: (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8) λ

	BS antenna height
	3m
	25 m

	BS Tx power
	FR1: 24dBm
FR2: 23 dBm
	Macro layer:
FR1: 44 dBm
FR2: 40 dBm
Indoor:
FR1: 24dBm
FR2: 23 dBm

	BS antenna element gain + connector loss
	0 dBi
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	Omni

	UE antenna height
	1.5 m

	UE antenna gain
	0dBi

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance) [TR 38.802]

	UE Tx power
	23dBm

	Traffic model
	FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes
Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional

	UE distribution
	10 users per TRP

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


3. Conclusions 
In this contribution, deployment scenarios, evaluation methodology including interference modeling for subband non-overlapping full duplex (SBFD) and evaluation assumptions for Rel-18 duplex enhancement. Our proposals are:
Proposal 1: The deployment scenarios for SBFD evaluation include indoor hotspot, dense urban and urban macro. 
Proposal 2: The deployment scenarios for flexible/dynamic TDD evaluation include indoor hotspot and heterogeneous deployment with macro and indoor.
Proposal 3: System-level evaluation is used for Rel-18 SBFD and flexible/dynamic TDD evaluation. 
 Proposal 4: Self-interference power for SBFD evaluation is modeled according to the following equation:
· Pself-interference = BS Tx power + BS antenna gain – X
· Value of X is FFS subject to RAN4’s inputs
Proposal 5: For SBFD evaluation, prioritize the case that subband configuration across all the cells operating SBFD is the same.
Proposal 6: Inter-sector inter-subband CLI power and inter-gNB inter-subband CLI power are modeled according to the following equations respectively:
· Pinter-sector inter-SB CLI = aggressor sector Tx power + aggressor sector Tx antenna gain + victim sector Rx antenna gain– Y1
· Pinter-gNB inter-SB CLI = aggressor gNB Tx power + aggressor gNB Tx antenna gain + victim gNB Rx antenna gain– PL – Y2
· Values of Y1 and Y2 are FFS subject to RAN4’s inputs
Proposal 7: UE-to-UE inter-subband CLI power is modeled according to the following equation:
· Pinter UE inter-SB CLI = aggressor UE Tx power + aggressor UE Tx antenna gain + victim UE Rx antenna gain– PL – Z
· Value of Z is FFS subject to RAN4’s inputs
Proposal 8: FFS the guard band required between UL and DL subbands.
Proposal 9: Perform system platform calibration for SBFD evaluation with SINR CDF.
Proposal 10: Adopt DL/UL UPT and user plane latency as performance metrics for SBFD evaluation.
Proposal 11: Adopt DL/UL UPT as performance metrics for flexible/dynamic TDD evaluation.
Proposal 12: Adopt semi-static TDD as baseline for SBFD evaluation.
· FFS dynamic TDD
Proposal 13: Co-channel co-existing of SBFD with legacy TDD is studied in RAN1 and adjacent channel co-existence is led by RAN4.
Proposal 14: Consider low, medium and high RU ratios in SBFD system evaluation.
Proposal 15: Adopt simulation assumptions in Table 1 for SBFD system evaluation.
Proposal 16: Performance of flexible/dynamic TDD with existing CLI handling schemes is the baseline to show potential performance gain of new CLI handling schemes.
Proposal 17: Adopt simulation assumptions in Table 2 for flexible/dynamic TDD system evaluation.
4. Reference
[1] [bookmark: _Ref101860160]RP-220633, Revised SID: Study on evolution of NR duplex operation, RAN #95-e.
[2] [bookmark: _Ref101950163]TR 38.802, Study on New Radio Access Technology Physical Layer Aspects.
[3] [bookmark: _Ref102043813]R1-2203459, Discussion on subband non-overlapping full duplex, CATT, RAN1#109-e
[4] [bookmark: _Ref102053568]TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies.
[5] [bookmark: _Ref102149742][bookmark: _Ref102134540]3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz".

image2.png
15m

20m

15m

10m

20m

20m

20m

20m

20m

20m

20m

20m

20m

20m

120m

50m




image3.png




image4.png




image5.emf
frequency

guardband

In-band 

blocking

Inter-sub 

leakage ratio

S

p

a

t

i

a

l

 

i

s

o

l

a

t

i

o

n

 

+

 

a

n

a

l

o

g

 

d

o

m

a

i

n

 

m

i

t

i

g

a

t

i

o

n

T

x

 

p

o

w

e

r

 

+

 

T

x

/

R

x

 

a

n

t

e

n

n

a

 

g

a

i

n

DL subband UL subband

Power


oleObject1.bin
frequency



image6.png
frequency

time





image7.png
time

B
fouanba.y





image1.png
25m

25m

20m

20m

20m

20m

20m

120m

S0m




