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1. Introduction
This document provides way-forwards on adjacent channel co-existence simulation of non-overlapping subband fullduplex (SBFD) based on the outcomes of “Email discussion summary for [105][311] FS_NR_duplex_evo_Part2”.
2. Way forward on adjacent channel simulation assumption for SBFD
1.1 General issue
1.1.1 Co-channel inter-sub band interference at SBFD side(Issue 1-1-1)

· Agreements:

· When SBFD interfere victim legacy TDD network at adjacent channel, co-channel interference don’t need to be added at aggressor SBFD side.

1.1.2 The relationship of BS co-channel inter-subband inter-site ACLR/ACS and adjacent channel ACLR/ACS. (Issue 1-3-1)

· Agreements:

· co-channel inter-subband inter-site ACLR/ACS is the same with adjacent channel ACLR/ACS at gNB side as starting point to check whether current ACLR/ACS is enough to meet 5% throughput loss criteria.

1.1.3  DUD and DU configuration for calibration. (Issue 1-2-1)

· Agreements:

· For calibration phase, consider DU configuration (with single UE per subband) with {80M, 20M} for FR1 and {160M, 40M} for FR2.
1.1.4  Plan for calibration
· Companies are encouraged to start calibration by email before next RAN4 meeting
1.2 UE co-channel inter-sub band interference
1.2.1 UE Tx model for co-channel inter-subband interference. (Issue 1-1-2)

· Agreements:

· Option 1 agreed as starting point.

·  Option 1: the same as IBE with 1PRB granularity and assume the LO is in the middle of the channel to allow for correct placement of the image frequency for both FR1 and FR2.

· Note: about EVM value, it is based on the following approach: the received SINR->CQI-> MCS->Modulation order

1.2.2 UE Rx model for co-channel inter-subband interference (Issue 1-1-3)

· Agreements:

· For ACS, consider 23dBc as the assumption for co-existence study calibration purpose 

· Final co-existence study simulation set-up need to be aligned with the conclusion on UE Rx model.

1.3 gNB co-channel inter-sub band interference
1.3.1 gNB Rx model for co-channel inter-subband inter-site interference. (Issue 1-3-2)

· Agreements:

· Use ACS value in existing BS specification for calibration purpose. i.e. 46dBc for FR1 and 24dB for FR2
1.3.2 gNB-gNB CLI modelling for co-channel inter-subband co-site inter-sector. (Issue 1-3-3)
· Agreements: Using follow assumption for calibration purpose:

· For gNB self-interference considering as: Noise floor -6 dB 

· For co-site inter-subband inter-sector gNB-gNB CLI as: Noise floor +X dB 

· For medium and local BS: X= -6dB

· For wide-area BS: X=-6dB
· Note 1: this is the sum of all inter-sector gNB-gNB CLI per site.

· Note 2: Final co-existence study simulation set-up need to be aligned with the conclusion on co-site inter-sector interference modelling and isolation. 

· Note 3: for FR1 wide-area, this means the inter-sector isolation should be not less than [144dB] 
1.4 gNB adjacent channel Tx/Rx model
1.4.1 gNB adjacent channel ACLR model for FR1 (Issue 1-4-1)

Agreement: frequency flat assumption with some detailed explanation as below
· when aggressor BW is narrower than victim, e.g. SBFD gNB -> legacy TDD gNB

· equivalent ACLR is equal to normal ACLR 
· when aggressor BW is wider than victim, e.g. legacy gNB -> SBFD gNB

· total received interference = Ptx – (ACLR + the ratio of aggressor BW to victim BW)
· for example, when aggressor is 100MHz and victim is 20MHz, the equivalent ACLR is 45+10*log10(100/20)=51.9dB
1.4.2 gNB adjacent channel ACLR model for FR2 (Issue 1-4-2)

Use frequency flat model for calibration.
1.5 SINR equation for simulation
1.5.1 SBFD UL SINR without adjacent channel interference at gNB side(Issue 1-5-1)

Wait for the conclusion of how to model co-channel inter-subband co-site inter-sector gNB-gNB CLI.

1.5.2 SBFD DL SINR without adjacent channel interference at UE side(Issue 1-5-2)

Following equation is for information to help align the simulation
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Where, 
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, the UE-UE co-channel inter-subband interference
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 can be derived from co-channel inter-subband Tx and Rx modelling values

1.5.3 PSD assumption at gNB side(new issue)

· Option 1: the PSD of SBFD is the same as legacy TDD at gNB side

· e.g. for Urban Macro FR1 gNB, SBFD antenna configuration 1, 26dBm/MHz PSD. for SBFD antenna configuration 2, 29dBm/MHz PSD.

· Option 2: total Tx power per SBFD DL sub-band is the same as legacy TDD total power. i.e. the PSD of SBFD is higher than legacy TDD PSD

· e.g. for Urban Macro FR1 gNB, SBFD antenna configuration 1, 46dBm total output power. for SBFD antenna configuration 2, 49dBm total output power
SBFD antenna configuration 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 46dBm output power.

SBFD antenna configuration 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. 49dBm output power.
Agreements:
· Option 1 for calibration purpose.

· Companies are encouraged to report SBFD PSD when submitting simulation results.
1.6 RU configuration for simulation (Issue 1-6)
Candidate options:

· Option 1: only simulate full buffer case

· Option 2: To evaluate the impact of an aggressor network over an SBFD network, the SBFD has to operate properly and consequently its load should not be so high to generate excessive internal CLI. detailed simulation observations are listed in R4-2218839. (Ericsson, R4-2218839)
Agreements:

· using full buffer case for calibration
· Further study whether to and how to stimulate low RU case.
1.7 Network layout
1.7.1 Grid shift (Issue 1-7-1)

Candidate options

· Option 1: 0% grid shift should not be considered in simulation

· Option 2: not less than 30% grid shift is suggested for FR1 simulation to analyze the blocking probability and also the ACIR requirements. here, 30% grid shift means min distance between gNB from different network equals to 30% of ISD. 

· Option 3: not less than 10% grid shift is suggested for FR2 simulation to analyze the blocking probability and also the ACIR requirements. here, 10% grid shift means min distance between gNB from different network equals to 10% of ISD. 

· Option 4: 0% and 10% because they are more representative of realistic deployment, some clarification for given grid shift

· 100% would be relevant for the case where two networks using separate site infrastructure separated with maximum distance is considered. This is a very specialized situation in which two operators manage to co-ordinate and place their BS sites at the maximum possible distance form one another. This is not a realistic scenario for SBFD evaluation where BS-to-BS interference is of great interest.

· 10% is representative of a situation in which the BSs are not co-located, but the operators cannot co-ordinate to the extent that their BSs are always at maximum distance from one another.

· 0% is co-location; the simulations will show the impact of activity in the other network on co-existence.
Agreements:

· Using 100% grid shift for calibration.

· FFS other grid shifts.
1.7.2 UE dropping method (Issue 1-7-2)

Candidate options.

· Option 1: evenly random dropping 

· Option 2: both evenly random dropping and cluster-based method for Urban macro

· Option 3: only evenly random dropping in UMa scenario, only cluster based in Urban Hotspot scenario

Agreements:

· Random dropping in Urban Macro scenario, cluster-based dropping in Urban Hotspot scenario.

· The only difference between Urban Macro and Urban Hotspot is the UE dropping difference and indoor to outdoor radio.
· Both random dropping and cluster-based dropping for calibration

· Consider Uma scenarios first for calibration purposes
1.7.3 Cluster based UE dropping method for Urban Hotspot (Issue 1-7-3)
Agreements:
	parameters
	Candidate values

	Cluster number per macro
	One for calibration


	Cluster area
	Option 2-1: 120*50 rectangular area

Option 2-2: circular area similar as small cell deployment with [25m] cluster radius to be aligned with RAN1

Agreements: circular area with 25m cluster radius to be aligned with RAN1.

	Indoor UE height
	hUT=3(nfl-1)+1.5 the same as previous assumption

nfl~uniform(1,Nfl) where Nfl = FFS

· Option 3-1: Nfl = 8;

· Option 3-2: Nfl = 1 to increase the impact of UE to UE CLI

Agreements:: option 3-2

	UE distribution
	UEs dropped within the cluster are indoor and UEs dropped outside the cluster are outdoor.

	Indoor and outdoor ratio
	80% indoor and 20% outdoor, i.e. 80% into cluster and 20% outside cluster.

	Distance between cluster centre and Uma site
	Option 5-1: randomly with distance >100m

Option 5-2: randomly placed in the network

Option 5-3: Consider the hexagonal grid of one of the two operators as the reference when dropping the cluster. The minimum distance between macro TRP to cluster centre should be respected also for TRPs belonging to the other operator. 

Agreements:
· minimum distance between two UE cluster centers is 2*25=50m, aligned with RAN1
· minimum distance between macro gNB site to UE cluster center is 35+25=60m, aligned with RAN1
· Consider the hexagonal grid of one of the two operators as the reference when dropping the cluster. The minimum distance between macro TRP to cluster centre should be respected also for TRPs belonging to the other operator.

	others
	Consider the total number of UEs in the network to achieve the proposed indoor/outdoor UE ratio.

	UE dropping
	Evenly random dropping into the cluster with minimum UE-UE distance limitation.


1.8 Pathloss model
1.8.1 LOS probability for UMa (Issue 1-8-1)
Candidate options:
· Option 1: the same as RAN1 as below

If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

· X = 0.75

· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.901.

· Option 2: it is suggested to refer to TR 38.828 to be aligned with pathloss model when 2D distance larger than ISD

· Option 3: Reuse the same model as in TR 38.828 with h_UT equals to 25m.

Agreements:

Use the following assumption for initial calibration purpose:
If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.

· X = 0.75

· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.828.
1.8.2 Minimum distance for UE dropping (Issue 1-8-2)

Agreements: 
	
	FR1
	FR2

	Parameters
	Urban macro
	Indoor hotspot
	Urban macro
	Urban Micro
	Indoor hotspot

	Inter-BS distance
	500m
	20m
	200m
	10m

Minimum distance between micro BSs in different operator
	20m

	Minimum BS-UE (2D) distance
	35m

 [TR36.897]
	0m

[TR 38.901]
	35m

[TR36.897]
	10m

[TR36.897]
	0m

[TR 38.901]

	Minimum UE-UE (2D) distance
	3m for UMa

1m when UEs are in cluster as in Urban Hotspot scenario
	1m
	3m for UMa

1m when UEs are in cluster as in Urban Hotspot scenario
	3m
	1m


1.8.3  O2I penetration loss for UMa (Issue 1-8-2)

Agreements: 
Align with RAN1, i.e. 80% low-loss model and 20% high-loss model.

1.8.4 Indoor and outdoor ratio for UMa (Issue 1-8-2)

Agreements:
	
	Macro to macro
	Indoor to indoor
	Urban Micro to urban Micro

	FR1
	Baseline: 20% indoor and 80% outdoor

Optional: 80% indoor and 20% outdoor
	100% indoor
	NA

	FR2
	0% indoor and 100% outdoor
	100% indoor
	80% indoor and 20% outdoor


Note: for Urban Hotspot scenario, 80% indoor and 20% outdoor as baseline.
1.9 gNB antenna configuration

1.9.1 SBFD gNB configurations for UMa (Issue 1-9-1)

Agreements:

· Use SBFD antenna configuration 2 for calibration purpose.

· Both two antenna configurations are recommended for simulation

· SBFD antenna configuration 1 “same area”: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 

· SBFD antenna configuration 2 “same gain”: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.

· Above antenna configurations apply for both baseline and optional configurations for FR1 and FR2.
1.9.2 SBFD gNB configurations for FR1 indoor (Issue 1-9-2)

Agreements:
· Antenna configuration

Legacy TDD: (Mg,Ng,M,N,P) =(1,1,4,4,2),  (dH,dV)= (0.5, 0.5)λ

SBFD antenna configuration 1: (Mg,Ng,M,N,P) =(1,1,2,4,2), (dH,dV)= (0.5, 0.5)λ

SBFD antenna configuration 2: (Mg,Ng,M,N,P) =(1,1,4,4,2), (dH,dV)= (0.5, 0.5)λ

BS antenna element gain: 5dBi

3dB beamwidth and front-to-back ratio:

Use TR 38.921: 

θ3dB = 90, φ3dB = 90; SLAV = 25dB, Am = 25dB.
· NF

BS noise figure: 13dB
3. Calibration

· Calibration covers both legacy TDD and SBFD system, while SBFD system has higher priority.

· Calibration metrics will include coupling loss, UL UE power distribution, baseline SINR and the SINR with ACI, 
· Note 1: When SBFD network as victim, baseline SINR is the SINR that only consider co-channel interference without any adjacent channel interference. when legacy network as victim, baseline SINR is the SINR that consider adjacent channel interference from synchronized legacy TDD.
· Note 2: When SBFD network as victim, SINR with ACI is the SINR that consider co-channel interferenceand adjacent channel interference from legacy TDD network. when legacy network as victim, SINR with ACI is the SINR that consider adjacent channel interference from SBFD network.
4. Preliminary simulation results

It’s immature to conclude any ACLR and ACS requirements based on the preliminary results.

Following are the observations from submitted preliminary results, which is just for information.

· The majority of submitted preliminary results showed that for FR1 and FR2 macro to macro, the performance degradation due to inter-UE CLI is marginal
· The majority of submitted preliminary results showed that Inter-gNB CLI dominates the aggregate legacy co-channel interference.

· performance degradation is within the 5% evaluation criteria for following simulation scenarios

· SBFD (DUD/DU) Aggressor->NR TDD DL Victim for both FR1 and FR2 macro-to-macro scenario; (vivo, Samsung, ZTE, Huawei for FR2 DU configuration)

· NR TDD DL Aggressor -> SBFD (DUD/DU) Victim, for both FR1 and FR2 macro-to-macro scenario; (vivo)

· For FR2, no SINR degradation is observed when the victim network is SBFD DL compared to legacy TDD DL network. (Qualcomm)
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