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Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc104488336][bookmark: _Toc131787971]
1	Scope
[bookmark: _Hlk102987503]The present document captures the results and findings from the study item "Study on Evolution of NR Duplex Operation " [2]. The purpose of this TR is to document the follows for evolution of NR duplex operation:
-	applicable and relevant deployment scenarios.
-	evaluation methodology and assumptions.
-	possible schemes/enhancements, feasibility and performance evaluation results of subband non-overlapping full duplex and dynamic/flexible TDD.
-	summary of the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum.
This activity involves the Radio Access work area of the 3GPP studies and has potential impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
[bookmark: references][bookmark: _Toc104488337][bookmark: _Toc131787972]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-213591, New SI: Study on evolution of NR duplex operation.
[3]	3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz".
[4]	3GPP TR 36.843: "Study on LTE Device to Device Proximity Services; Radio Aspects".
[5]	3GPP TR 38.802: "Study on New Radio Access Technology Physical Layer Aspects".
[6]	3GPP TR 36.873: "3D channel model for LTE".
[7]	3GPP TR 36.814: "Further advancements for E-UTRA physical layer aspects".
[8]	3GPP TR 36.889: "Study on Licensed-Assisted Access to Unlicensed Spectrum".
[9]		3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[10]		3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone".
[11]	Report ITU-R M.2412: "Guidelines for evaluation of radio interface technologies for IMT-2020".
[12]	RP-180524, Summary of calibration results for IMT-2020 self evaluation.

[bookmark: definitions][bookmark: _Toc104488338][bookmark: _Toc131787973]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc104488339][bookmark: _Toc131787974]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc104488340][bookmark: _Toc131787975]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc104488341][bookmark: _Toc131787976]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
ACIR	Adjacent Channel Interference Ratio
ACLR	Adjacent Channel Leakage Ratio
ACS	Adjacent Channel Selectivity
AOA	Azimuth angle Of Arrival
AOD	Azimuth angle Of Departure
AS	Angular Spread
ASA	Azimuth angle Spread of Arrival
ASD	Azimuth angle Spread of Departure
CDF	Cumulative Distribution Function
CLI	Cross link interference
EIRP	Effective Isotropic Radiated Power
IBE	In-Band Emission
ICS	In Channel Selectivity
ISD	Intersite Distance
LOS	Line Of Sight
MIMO	Multiple-Input-Multiple-Output
NLOS	Non-LOS
O2I	Outdoor-to-Indoor
O2O	Outdoor-to-Outdoor
OFDM	Orthogonal Frequency-Division Multiplexing
PRB	Physical Resource Block
RMa	Rural Macro
RSI 	Ratio of self-interference
RSRP	Reference Signal Received Power
RU	Resource Utilization
Rx	Receiver
SBFD	Subband non-overlapping Full Duplex
SI	Self-Interference
SINR	Signal-to-Interference-plus-Noise Ratio
SLS	System Level Simulation
TRP	Transmission Reception Point
Tx	Transmitter
TxRU	Transceiver Unit
UMa	Urban Macro
UMi	Urban Micro
UPT	User Perceived Throughput
ZOA	Zenith angle Of Arrival
ZOD	Zenith angle Of Departure
ZSA	Zenith angle Spread of Arrival
ZSD	Zenith angle Spread of Departure

[bookmark: clause4][bookmark: _Toc104488342][bookmark: _Toc131787977]4	Introduction
[bookmark: _Hlk89819308]TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.
The NR TDD specifications allow the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study may be required for CLI handling between the gNBs of the same or different operators to enable the dynamic/flexible TDD in commercial networks. The inter-gNB CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario. One of the problems not addressed in the previous releases is gNB-to-gNB CLI.
This study aims to identify the feasibility and solutions of duplex evolution in the areas outlined above to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In addition, the regulatory aspects need to be examined for deploying identified duplex enhancements in TDD unpaired spectrum considering potential constraints.
[bookmark: _Toc104488343][bookmark: _Toc131787978]5	Objectives of study
The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
-	Duplex enhancement at the gNB side
-	Half duplex operation at the UE side
-	No restriction on frequency ranges
The detailed objectives are as follows:
-	Identify applicable and relevant deployment scenarios (RAN1).
-	Develop evaluation methodology for duplex enhancement (RAN1).
[bookmark: _Hlk91576402]-	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).
[bookmark: _Hlk91576481]-	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).
[bookmark: _Hlk91576179]-	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. 
[bookmark: _Toc104488344][bookmark: _Toc131787979]6	Subband non-overlapping full duplex (SBFD)
Editor's note: This section captures the schemes of SBFD and their feasibility from specification design point of view. gNB self-interference handling schemes (e.g., spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc.) and their feasibilities can be discussed in RAN4 and captured in section 9. Subsections may be added or removed under this section depending on the discussion in RAN1.
[bookmark: _Toc104488345][bookmark: _Toc131787980]6.1	General aspects of SBFD schemes
Editor's note: This section captures the general aspects of SBFD schemes except self-interference, inter-gNB and inter-UE CLI handling schemes.

[bookmark: _Toc104488347][bookmark: _Toc131787981]6.2	Inter-gNB CLI handling schemes specific for SBFD
Editor's note: This section captures the potential inter-gNB CLI handling schemes that are specific for SBFD.
[bookmark: _Toc131787982]6.3	Inter-UE CLI handling schemes specific for SBFD
Editor's note: This section captures the potential inter-UE CLI handling schemes that are specific for SBFD.

[bookmark: _Toc104488348][bookmark: _Toc131787983]7	Performance evaluation and its feasibility for SBFD
[bookmark: _Toc104488349][bookmark: _Toc131787984]7.1	Deployment scenarios
Editor's note: This section captures a summary of the identified applicable deployment scenarios for feasibility and performance evaluation, covering both FR1 and FR2, as well as non-coexistence scenarios, co-channel co-existence scenarios and adjacent-channel co-existence scenarios.
The following deployment cases are considered for evaluation:
-	SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
-	SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
-	SBFD Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
-	Deployment Case 3-1: Only 1-layer is considered 
-	Deployment Case 3-2: 2-layer is considered. Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
-	SBFD Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note that SBFD subband configuration is from gNB perspective.
For SBFD Deployment Case 1, the following scenarios are considered:
-	FR1
-	1-layer scenario
-	Indoor office
-	Urban Macro 
-	(Optional) Dense Urban Macro layer
-	2-layer scenario 
-	(Optional) Dense Urban with 2-layer
-	FR2-1
-	1-layer scenario
-	Indoor office
-	Dense Urban Macro layer
-	(Optional) Dense Urban Micro layer
For SBFD Deployment Case 3-2, the following scenarios are considered:
-	FR1
-	2-layer Scenario B
-	Layer 1: Urban Macro
-	Layer 2: 
-	Baseline: Indoor office
-	Optional: Indoor factory
For SBFD Deployment Case 4, the following scenarios are considered:
-	FR1
-	1-layer scenario
-	Urban Macro, considering 0% and 100% grid shift between two networks.
-	FR2-1 
-	1-layer scenario
-	Dense Urban Macro layer, considering 0% and 100% grid shift between two networks.
The layouts and UE distributions for these scenarios can be found in Annex A.1.

[bookmark: _Toc103163469][bookmark: _Toc104488352][bookmark: _Toc131787985]7.2	Evaluation methodologies
[bookmark: _Toc104488359][bookmark: _Toc131787986]7.2.1	System level simulation
Editor's note: This section captures evaluation methodologies and assumptions of system level simulation for SBFD operation.
Interference Modelling
The modelling methods for the following interference types can be found in Annex A.2.
-	gNB Self-Interference (SI)
-	co-site inter-sector co-channel inter-subband CLI
-	inter-site gNB-gNB co-channel inter-subband CLI
-	UE-UE co-channel inter-subband CLI
-	inter-site gNB-gNB adjacent-channel CLI
-	co-site gNB-gNB adjacent-channel CLI
-	UE-UE adjacent-channel CLI

Channel model
The details of gNB-UE channel model, gNB-gNB channel model, and UE-UE channel model can be found in Annex A.3.
For gNB-gNB and UE-UE channel model in RAN1 SLS, large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies to report whether small scale fading (e.g., fast fading including antenna gain) is also modelled. Antenna gain is calculated based on the gNB-gNB LOS direction instead on the multi-path directions if small scale fading is not modelled.

Performance metrics
The following metrics are considered. The detailed definitions can be found in Annex A.4.
-	UPT related performance metrics
-	Mean/5%/50%/95% Average-UPT, Average-UPT CDF
-	Mean/5%/50%/95% Tail-UPT, Tail-UPT CDF
-	Mean/5%/50%/95% Median-UPT, Median-UPT CDF
-	Latency related performance metric
-	Baseline: Mean/5%/50%/95% Packet-Latency, Packet-Latency CDF
-	Optional: Mean/5%/50%/95% UE-Average-Latency, UE-Average-Latency CDF
-	Unfinished/dropped Packet Rate
-	RU
-	Type-1 RU
-	Type-2 RU

gNB Antenna configuration
The detailed gNB antenna configurations for SBFD evaluation can be found in Annex A.5.

Traffic model
FTP model 3 is used and the details can be found in Annex A.6.

SBFD subband and slot configurations
The following SBFD subband configurations are considered for SBFD evaluation:
-	SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
-	SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
The detailed SBFD subband configurations as well as the SBFD/legacy TDD slot configurations for evaluation can be found in Annex A.7.

SLS assumptions
The SLS assumptions common to SBFD and dynamic/flexible TDD can be found in Table B-1 in Annex B.
The SLS assumptions specific to SBFD Deployment Case 1 can be found in Table B-2 in Annex B.
The SLS assumptions specific to SBFD Deployment Case 3-2 can be found in Table B-3 in Annex B.
The SLS assumptions specific to SBFD Deployment Case 4 can be found in Table B-4 in Annex B.

[bookmark: _Toc104488360][bookmark: _Toc131787987]7.2.2	Link level evaluation
Editor's note: This section captures evaluation methodologies and assumptions of link level evaluation for SBFD. Link level evaluation can at least be used to evaluate coverage performance for SBFD operation.

[bookmark: _Toc103163470][bookmark: _Toc104488362][bookmark: _Toc131787988]7.3	Performance evaluation results
Editor's note: This section captures the results and observations of performance comparison between baseline legacy TDD network and SBFD operation for each identified scenario of each SBFD deployment case, as well as the feasibility of SBFD from performance point of view. 
[bookmark: _Toc103163471][bookmark: _Toc104488363][bookmark: _Toc131787989]7.3.1	FR1

[bookmark: _Toc103163472][bookmark: _Toc104488364][bookmark: _Toc131787990]7.3.2	FR2-1


[bookmark: _Toc103163476][bookmark: _Toc104488368][bookmark: _Toc131787991]8	Potential enhancements and analysis for dynamic/flexible TDD
[bookmark: _Toc131787992]8.1	Deployment scenarios
Editor's note: This section captures a summary of the identified applicable deployment scenarios for feasibility and performance evaluation, covering both FR1 and FR2, as well as non-coexistence scenarios, co-channel co-existence scenarios and adjacent-channel co-existence scenarios.
The following scenarios are considered for dynamic/flexible TDD evaluation for single operator case:
-	FR1
-	1-layer scenario
-	Indoor office
-	(Optional) Urban Macro
-	2-layer Scenario B
-	Layer 1: Urban Macro
-	Layer 2: 
-	Baseline: Indoor office
-	Optional: Indoor factory
-	FR2-1
-	1-layer scenario
-	Indoor office
-	(Optional) Dense Urban Macro layer
The layouts and UE distributions for these scenarios can be found in Annex A.1.
[bookmark: _Toc126680961][bookmark: _Toc131787993][bookmark: _Hlk122611038]8.2	Evaluation methodologies
Editor's note: This section captures some common evaluation metrics and assumptions of system level simulation for evaluating the potential enhancement schemes for dynamic/flexible TDD (e.g., inter-gNB CLI handling schemes captured in section 8.3 and inter-UE CLI handling schemes captured in 8.4). It does not imply all the potential enhancement schemes have to be evaluated by system level simulation. If additional assumptions are needed for a specific enhancement scheme, they can be captured in section 8.3.x.2 or 8.4.x.2.
[bookmark: _Toc126680962][bookmark: _Toc131787994]8.2.1	System level simulation
Channel model
The channel model for dynamic/flexible TDD evaluation is the same as that for SBFD evaluation which can be found in Annex A.3.

Performance metrics
The following metrics are considered. The detailed definitions can be found in Annex A.4.
-	UPT related performance metrics
-	Mean/5%/50%/95% Average-UPT, Average-UPT CDF
-	Mean/5%/50%/95% Tail-UPT, Tail-UPT CDF
-	Mean/5%/50%/95% Median-UPT, Median-UPT CDF
-	Latency related performance metric
-	Baseline: Mean/5%/50%/95% Packet-Latency, Packet-Latency CDF
-	Optional: Mean/5%/50%/95% UE-Average-Latency, UE-Average-Latency CDF
-	Unfinished/dropped Packet Rate
-	RU: Type-1 RU

Traffic model
FTP model 3 is used and the details can be found in Annex A.6.

Assumption on baseline and target dynamic/flexible TDD operation for comparison
	
	Target dynamic/flexible TDD operation
	Baseline operation for comparison

	1-layer scenario
	Using dynamic TDD UL/DL assignment based on potential enhancements
	Using dynamic TDD UL/DL assignment based on Rel-17 specifications

	2-layer Scenario (NOTE 1)
	Option 1
	Layer 2 using legacy static TDD {DSUUU} based on potential enhancements
	Layer 2 using legacy static TDD {DDDSU} based on Rel-17 specifications

	
	Option 2
	Layer 2 using dynamic TDD UL/DL assignment based on potential enhancements
	Layer 2 using dynamic TDD UL/DL assignment based on Rel-17 specifications

	NOTE 1:	For 2-layer Scenario, layer 1 uses legacy static TDD {DDDSU} for both target and baseline operation
NOTE 2:	
· For legacy static TDD {DDDSU} and {DSUUU}, S=[12D:2G:0U] is assumed.
· For dynamic TDD UL/DL assignment, {FFFFF} is assumed and companies to report the guard symbols assumed. Other configurations for dynamic TDD are not precluded and can be reported by companies.



SLS assumptions
The SLS assumptions common to SBFD and dynamic/flexible TDD can be found in Table B-1 in Annex B.
The SLS assumptions specific to dynamic/flexible TDD can be found in Table B-5 in Annex B.

[bookmark: _Toc103163478][bookmark: _Toc104488369][bookmark: _Toc131787995]8.3	Inter-gNB CLI handling schemes
Editor's note: This section captures the potential inter-gNB CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
[bookmark: _Toc126680964][bookmark: _Toc131787996]8.3.x	Inter-gNB CLI scheme x
[bookmark: _Toc126680965][bookmark: _Toc131787997]8.3.x.1 Description of scheme

[bookmark: _Toc126680966][bookmark: _Toc131787998]8.3.x.2 Performance evaluation or analysis
Editor's note: The feasibility from performance point of view for the scheme can also be captured in this section.

[bookmark: _Toc126680967][bookmark: _Hlk122613910][bookmark: _Toc131787999]8.3.x.3 RAN1 specification impacts
Editor's note: The feasibility from specification design point of view for the scheme can also be captured in this section.

[bookmark: _Toc131788000]8.4	Inter-UE CLI handling schemes
Editor's note: This section captures the potential inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
[bookmark: _Toc126680969][bookmark: _Toc131788001]8.4.x	Inter-UE CLI scheme x
[bookmark: _Toc126680970][bookmark: _Toc131788002]8.4.x.1 Description of scheme

[bookmark: _Toc126680971][bookmark: _Toc131788003]8.4.x.2 Performance evaluation or analysis
Editor's note: The feasibility from performance point of view for the scheme can also be captured in this section.

[bookmark: _Toc126680972][bookmark: _Toc131788004]8.4.x.3 RAN1 specification impacts
Editor's note: The feasibility from specification design point of view for the scheme can also be captured in this section.


[bookmark: _Toc103163490][bookmark: _Toc104488383][bookmark: _Toc131788005]9 	Implementation feasibility of SBFD  
Editor's note: This section captures the feasibility 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, as well as feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4). 
[bookmark: _Toc131788006]9.1 	Background for analysis
Editor's note: This section captures the overall description of all potential approaches and key enablers for SBFD
9.2 	Feasibility of FR1 Wide Area BS aspects
[bookmark: _Toc131788007]9.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
[bookmark: _Toc131788008]9.2.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results.
[bookmark: _Toc131788009]9.2.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the CLI modeling. As approved previously, ACLR and ACS value can be reused. 
[bookmark: _Toc131788010]9.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
[bookmark: _Toc131788011]9.3 	Feasibility of FR1 Medium Range BS aspects
[bookmark: _Toc131788012]9.3.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results.
[bookmark: _Toc131788013]9.3.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results
[bookmark: _Toc131788014]9.3.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the CLI modeling. As approved previously, ACLR and ACS value can be reused. 
[bookmark: _Toc131788015]9.3.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
[bookmark: _Toc131788016]9.4 	Feasibility of FR1 Local Area BS aspects
[bookmark: _Toc131788017]9.4.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
[bookmark: _Toc131788018]9.4.2	Co-channel inter-sub-band inter-site interference analysis
This section captures the typical assumption of RF requirements and analysis results
[bookmark: _Toc131788019]9.4.3	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
[bookmark: _Toc131788020]9.5 	Feasibility of FR2 BS aspects
[bookmark: _Toc131788021]9.5.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability and analysis results.
[bookmark: _Toc131788022]9.5.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and the analysis results
[bookmark: _Toc131788023]9.5.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the typical assumption of RF requirements and the analysis results
[bookmark: _Toc131788024]9.5.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
[bookmark: _Toc131788025]9.6. 	FR1 Feasibility of UE aspects
[bookmark: _Toc131788026]9.6.1	Interference analysis
[bookmark: _Toc131788027]9.6.1.1	UE-UE co-channel inter-subband CLI modeling
Editor's note: This section captures the CLI modeling. 
[bookmark: _Toc131788028]9.6.1.2	UE-UE adjacent channel CLI modeling
Editor's note: This section captures the CLI modeling. 
[bookmark: _Toc131788029]9.6.2	Summary
Editor's note: This section captures the conclusion of feasibility.

[bookmark: _Toc131788030]9.7 	FR2 Feasibility of UE aspects
[bookmark: _Toc131788031]9.7.1	Interference analysis
[bookmark: _Toc131788032]9.7.1.1	UE-UE co-channel inter-subband CLI modeling
Editor's note: This section captures the CLI modeling. 
[bookmark: _Toc131788033]9.7.1.2	UE-UE adjacent channel CLI modeling
Editor's note: This section captures the CLI modeling. 
[bookmark: _Toc131788034]9.7.2	Summary
Editor's note: This section captures the conclusion of feasibility.

[bookmark: _Toc131788035]9.8 	Summary

[bookmark: _Toc131788036]109		Feasibility of and Iimpact on RF requirements 
[bookmark: _Toc131788037]10.1	Impact on BS RF requirements
Editor's note: This section captures the impact on BS RF requirements
[bookmark: _Toc131788038]10.2	Impact on UE RF requirements
Editor's note: This section captures the impact on UE RF requirementsEditor's note: This section captures 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, as well as feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4). This section also captures the evaluation assumptions, methodologies and results developed by RAN4.

[bookmark: _Toc131788039]11	Adjacent channel co-existence evaluation results
Editor's note: This section will also capture adjacent channel co-existence simulation results, i.e. ACLR, ACS, ACIR. About simulation parameters and methodology, they are suggested to be moved into Annex D.

[bookmark: _Toc103163491][bookmark: _Toc104488384][bookmark: _Toc131788040]120	Regulatory aspects for deploying the duplex enhancements in TDD unpaired spectrum
Editor's note: This section captures the summary of the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
[bookmark: _Toc131788041]12.1	Region 1
[bookmark: _Toc131788042]12.2	Region 2
[bookmark: _Toc131788043]12.3	Region 3
[bookmark: _Toc103163492][bookmark: _Toc104488385][bookmark: _Toc131788044]1113	Conclusions and recommendations

[bookmark: _Toc104488386][bookmark: _Toc131788045]
Annex <A>:
Evaluation methodologies
[bookmark: _Toc126680977][bookmark: _Toc131788046]A.1	Layout and UE distribution
Editor's note: This section captures the layout and UE distribution for SBFD and dynamic/flexible TDD evaluation.
[bookmark: _Toc126683388][bookmark: _Toc131788047]A.1.1	Layout
Table A.1.1-1: Layout for SBFD and dynamic/flexible TDD evaluation
	
	Layout
	Inter-BS (2D) distance
	Minimum BS-UE (2D) distance
	Minimum UE-UE (2D) distance
	BS antenna height

	Indoor office
	Single layer (see Figure A.1.1-1)
· Indoor floor: (12BSs per 120m x 50m) 
	20m
	0m
	1m
	3 m

	Urban Macro/ Dense Urban Macro layer
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around (see Figure A.1.1-2)
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	500m for Urban Macro,
200m for Dense Urban Macro layer
	35m
	1m
	25 m

	Dense Urban with 2-layer
	Two layer 
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around (see Figure A.1.1-2)
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer (see Figure A.1.1-23):
· Step 1: Randomly drop X micro TRP centers within one macro cell geographical area considering the minimum distance between micro TRP centers (Dinter-micro-center) and the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center).
· X=1, 3, 6 or 9
· Step 2: Randomly deploy one micro TRP on the area circle around each micro TRP center with the radius of half of Dinter-micro-center 
· Step 3: Determine the horizontal angle of the micro TRPs with the planer facing to the micro TRP center.

	Macro-to-Macro: 200m
Minimum Macro-to-micro-center distance: 42m
Minimum Micro-center-to-micro-center distance: 40m 
	Macro-to-UE: 35m 
Micro-to-UE: 10m
	1m
	25m for Macro cells and 10m for Micro cells

	Dense Urban Micro layer
	Single layer
Only consider the Micro TRPs of Dense Urban with 2-layer network. All users communicate with micro TRPs, i.e. macro cell is only used for determining position of micro TRP.

	2-layer Scenario B
	Two layer (see Figure A.1.1-34)
· Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m (see Figure A.1.1-2)
· Layer 2: Indoor office (baseline) or indoor factory (optional)
· Only one building randomly dropped in the whole network as in figure A.1.1-34. The building has to be confined within one macro cell area.
· For Indoor office: 12 (baseline) or 3 (optional) TRPs per 120m x 50m x 3m
· For indoor factory: 12 TRPs per 120m x 50m x 3m. Other simulation assumptions follow InF-SL in Table 7.8-7 (Simulation assumptions for large scale calibration for the indoor factory scenario) in TR 38.901The distance between two indoor TRPs: 20m for 12 TRPs, 40m for 3 TRPs
· The orientation of the building is fixed as in Figure A.1.1-3 4 (i.e., the long side of the rectangular is along the x-axis)
	Macro-to-Macro: 500m
Minimum Macro-to- indoor office center distance: 100m

Indoor TRP -to- Indoor TRP:
20m for 12 TRPs, 40m for 3 TRPs
	Macro-to-UE: 35m 
Indoor TRP-to-UE: 0m
	1m
	25m for Macro cells and 3m for Indoor TRP

	NOTE 1: 	Distance-based wrap-round is used.


[image: ]
Figure A.1.1-1: Layout for indoor


Figure A.1.1-2: Layout for hexagonal grid with 7 macro sites and 3 sectors per site




Figure A.1.1-23: Layout for dense urban (3 Micro TRPs per Macro TRP)

[image: ]
[bookmark: _Hlk124262601](a) 12 TRPs in one building
[image: ]
[bookmark: _Hlk124262611](b) 3 TRPs in one building
Figure A.1.1-34: Layout for 2-layer Scenario B
For SBFD Deployment Case 4, consider 0% and 100% grid shift between two networks for Urban Macro and Dense Urban Macro layer scenarios as shown in Figure A.1.1-45.



Figure A.1.1-45: 0% and 100% grid shifts between two networks
For SLS in RAN1, use the following BS antenna layout (see Figure A.1.1-6) for indoor office scenario (referring to Table 1 in RP-180524), wherein,
-	X-axis is pointing down to the floor
-	The antenna array is mounted in the Y-Z plane with boresight along the X-axis (ceiling mounted with boresight towards the floor)
-	The X-axis/Y-axis/Z-axis refer to LCS
[image: ]
[image: ]
Figure A.1.1-6: Top view of the BS antenna layout for indoor office scenario
[bookmark: _Toc126683389][bookmark: _Toc131788048]A.1.2	UE distribution
Table A.1.2-1: UE distribution for SBFD and dynamic/flexible TDD evaluation
	
	
	UE distribution

	FR1
	Indoor office
	· 10 users per TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m

	
	Urban Macro / Dense Urban Macro layer
	· Baseline: UE clustering distribution (NOTE 1)
· Baseline: M=20, X=2; Optional: M=10, X=1.
· R’ = 25 m. Evaluation results for other values of R’ can be submitted.
· Dmacro-to-cluster = 35m+ R’, Dinter-cluster = 2R’ m
· UEs dropped within the UE cluster(s) are indoor with 3km/h. UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h.
· UE height is 1.5m for all UEs.
· Optional: Uniform UE distribution
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell
· 20% outdoor in cars with 30km/h, 80% indoor in houses with 3km/h.
· Outdoor UE height: 1.5 m
· Indoor UE height: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	
	Dense Urban with 2-layer
	· 2/3 users randomly and uniformly dropped around micro TRP centers with radius of R (R = [28.9m]), 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area.
· 20% outdoor in cars with 30km/h, 80% indoor in houses with 3km/h.
· Outdoor UE height: 1.5 m
· Indoor UE height: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	
	2-layer Scenario B
	· Layer 1: Urban Macro
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office / Indoor factory
· Baseline: 100% outdoor without car penetration loss (3km/h), UE height is 1.5m
· Optional: 20% outdoor in cars with 30km/h, 80% indoor in houses with 3km/h.
· Outdoor UE height: 1.5 m
· Indoor UE height: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Layer 2: Indoor office (baseline)
· 10 users per indoor TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m

	FR2-1
	Indoor office
	· 10 users per TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m

	
	Dense Urban Macro layer
	· Baseline: UE clustering distribution (NOTE 1)
· Baseline: M=10, X=1; Optional: M=20, X=2.
· R’ =20m. Lower values of R’ are not excluded.
· Dmacro-to-cluster = 35m+R’.
· For X=2, Dinter-cluster = 2R’ m.
· All the UEs (including UEs in the clusters and out of the clusters) are outdoor UEs without car penetration loss (3km/h). 
· UE height is 1.5m.
· Optional: Uniform UE distribution 
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell.
· Baseline: 100% outdoor without car penetration loss (3km/h). Outdoor UE height is 1.5 m.
· Optional: 20% outdoor in cars with 30km/h, 80% indoor in houses with 3km/h. 
· Outdoor UE height: 1.5 m; 
· Indoor UE height: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) 

	
	Dense Urban Micro layer
	· All users are randomly and uniformly dropped around Micro TRP center with the radius of R (R = [28.9m])

	NOTE 1: 	The UE clustering distribution is assumed as below:
· Randomly drop X (X =1 or 2) UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and for X=2, the minimum distance between two UE cluster centers as Dinter-cluster
· Assuming M (M=10 or 20) users per macro TRP per direction, 80% UEs are randomly and uniformly dropped within the UE clusters with the radius of R’, 20% users randomly and uniformly dropped in the macro geographical area outside the clusters. If each UE is assigned both UL traffic and DL traffic, there are 8 UEs in one UE cluster. If each UE is either assigned UL traffic or DL traffic, there are 8 UEs with DL traffic and 8 UEs with UL traffic in one UE cluster.
· The UEs in the same cluster are in the same building for FR1. For the case with M=20 and X=2, the UEs in different clusters are in different buildings for FR1.
· Note that the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
NOTE 2: 	UE clustering distribution for SBFD Deployment Case 4 with 0% or 100% grid shift is assumed as below:
· The UE cluster centers of the first operator are the same as that of the second operator. 
· For 100% grid shift, the minimum distance requirement between the UE cluster center and macro TRP should be satisfied for both operators.
· Minimum UE-UE 2D distance is 1m regardless the serving operator.
· For each operator, the UE cluster distribution method for SBFD deployment Case 1 is reused.



[bookmark: _Toc104488387][bookmark: _Toc131788049]A.2	Interference modelling
Editor's note: This section captures the interference modelling methods for duplex evolution study. The details of interference modelling described in Annex A.2.1~A.2.6 7 will be further revised based on RAN4 reply LS and more progress in RAN1 and RAN4.
Consider the following definitions of interference types for duplex evolution study.
Table A.2-1: Definition of interference types
	Interference types
	Definition

	Co-channel interference
	Co-channel intra-subband interference
	gNB-UE co-channel intra-subband interference
	This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.

	
	
	UE-gNB co-channel intra-subband interference
	This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.

	
	
	(inter-cell) inter-site gNB-gNB co-channel intra-subband CLI
	CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.

	
	
	(inter-cell) co-site inter-sector co-channel intra-subband CLI
	CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.

	
	
	(inter-cell) UE-UE co-channel intra-subband CLI
	CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier.

	
	Co-channel inter-subband interference
	gNB self-interference (SI)
	Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency (see Annex A.2.1 for detailed modelling).

	
	
	(inter-cell) co-site inter-sector co-channel inter-subband CLI
	CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency (see Annex A.2.2 for detailed modelling).

	
	
	(inter-cell) inter-site gNB-gNB co-channel inter-subband CLI
	CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency (see Annex A.2.3 for detailed modelling).

	
	
	(intra-cell/inter-cell) UE-UE co-channel inter-subband CLI
	CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency (see Annex A.2.4 for detailed modelling).

	Adjacent channel interference
	Co-site gNB-gNB adjacent-channel CLI
	CLI caused by DL transmission of the aggressor co-site gNB in a carrier to UL reception of the victim gNB in another adjacent carrier. This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI (see Annex A.2.5 for detailed modelling).

	
	Inter-site gNB-gNB adjacent-channel CLI
	CLI caused by DL transmission of the aggressor inter-site gNB in a carrier to UL reception of the victim gNB in another adjacent carrier (see Annex A.2.6 for detailed modelling).

	
	UE-UE adjacent-channel CLI
	CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier (see Annex A.2.67 for detailed modelling).

	NOTE: 	This does not imply all the above interference types are needed in evaluation for SBFD. Some of the interferences may not be used according to the deployment scenarios, e.g., whether the SBFD subband configurations are the same or different across gNBs.


[bookmark: _Toc131788050][bookmark: _Toc120638186][bookmark: _Toc126683391]A.2.1	gNB self-interference modelling
For gNB self-interference modelling in SLS of SBFD in RAN1, consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. 
For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. The residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power is computed by

where
·  is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale). 
·  is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the total number of UL RBs in the UL subband.
·  is the overall RSI value provided by RAN4 in linear scale. RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power. Candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB. Companies shall report what values of the individual components are assumed in order to achieve the  value corresponding to 1 dB desense. Other approaches of determining values for  are not precluded and can be used and reported by companies.

[bookmark: _Hlk120732076]Assuming  doesn’t change when DL RBs are not fully allocated for DL transmission, the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by

where
·  is the residual self-interference power on one UL PRB when all the DL RBs in the DL subbands are not fully allocated for DL transmission (in linear scale). 
·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.

[bookmark: _Toc120638187][bookmark: _Toc126683392][bookmark: _Toc131788051]A.2.2	Co-site inter-sector co-channel inter-subband CLI
For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling as follows. 





where
-	 is DL Tx power of sector x per RB (in linear scale),  
-	 is the maximum DL Tx Power of sector x on the two DL subbands (in linear scale).
-	 is the total number of DL RBs in the DL subbands.
-	 is the number of DL RBs allocated for DL transmission of sector x.
-	 is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI. 
-	
-	Note:  and  are in linear scale. gNB ACLR (i.e.,) is provided as the candidate for Tx leakage, and gNB ACS (i.e.,) is provided as the candidate for Receiver impairment. 
-	Companies shall report the value of  assumed in the simulations with feasibility of how these values were derived. 
[bookmark: _Toc120638188][bookmark: _Toc126683393][bookmark: _Toc131788052]A.2.3	Inter-site gNB-gNB co-channel inter-subband CLI
For discussion of gNB-gNB co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
-	Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
-	Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
 
where
-	 is the power of inter-site gNB-gNB co-channel inter-subband CLI from aggressor gNB  to victim gNB  on each receiver chain at one UL RB (linear value).
-	 is DL transmission power of gNB  across all transmit chains per RB (linear value). .
-	 is the number of DL RBs allocated for DL transmission by gNB .
-	is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
-	, wherein,  is the number of Tx antenna ports of gNB , and  is the number of Rx antenna ports of gNB .  is coupling loss from Tx antenna port p of transmitter BS A’ to Rx antenna port u of BS A and is given by equation (A-11) in Annex A.8.
-	 is the total number of DL RBs in the DL subbands.
-	Note:  and  are in linear scale. gNB ACLR (i.e., ) is provided as the candidate for Tx leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment.
-	Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
-	Note: This model is not applicable to the RBs in the guardband.
-	Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers).
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB  can be modelled as

where
-	 is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB .
-	 is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by .
-	 is the number of Tx chains at aggressor gNB.
-	 is the number of Rx chains at victim gNB.
-	 is the unwanted emission across all Tx chains at UL RB  at aggressor gNB.
-	 is the number of Tx chains at aggressor gNB.
-	, , is modelled as white Gaussian noise.
-	   is the total leakage power at UL RB  at aggressor gNB.
-	 is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, .
-	 is the number of DL RBs scheduled for DL transmission by aggressor gNB.
-	 is the total number of DL RBs in the DL subbands.
-	 is the  normalized identity matrix with unit norm, .
-	It is up to companies to report other values of  and the corresponding applicable conditions.
-	 is the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB . It can be modelled as
 
-	, , is modelled as white Gaussian noise.
-	.
-	.
-	 is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by .
-	 is the digital precoder at DL RB  at aggressor gNB, .
-	 is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
-	 is the total number of DL RBs in the DL subbands.
-	RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.
-	Note:  can be reported by companies.
-	Note:  and  are in linear scale. gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
-	Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
-	Note: This model is not applicable to the RBs in the guardband.
[bookmark: _Toc120638189][bookmark: _Toc126683394][bookmark: _Toc131788053]A.2.4	UE-UE co-channel inter-subband CLI
For discussion of UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
-	Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
-	Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g., receiver blocking at the victim, overload of the receiver dynamic range, etc)
For SLS in RAN1, regarding Tx leakage model of UE-UE co-channel inter-subband CLI modelling, RAN1 to take in-band emission (IBE) defined in TS38.101-1 and TS38.101-2 as starting point.
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as
 
where
-	 is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
-	 is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
-	 is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
-	 is the total number of UL RBs in the UL subband
-	 is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
-	, wherein,
-	For SBFD Subband configuration with {DUD} pattern,  can be ignored
-	
-	 is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
-	 is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
-	 for FR1 with 100MHz transmission bandwidth and 30kHz SCS
-	 for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
-	 is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
-	EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
[Working assumption] For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:

where
-	 is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
-	 is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
-	 is the number of Rx chains and  is the number of Tx chains
-	 is the  normalized wideband UL digital precoder of the aggressor UE, .
-	,
-	 , , is modelled as white Gaussian noise
-	 has the same meaning as in the agreement for the case only large-scale fading is modelled
-	 is modelled as frequency flat

-	, , is modelled as white Gaussian noise, 
-	
-	 is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
-	 is the  normalized wideband UL digital precoder of the aggressor UE, 
-	 is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
-	 has the same meaning as in the agreement for the case only large-scale fading is modelled
-	 is the total number of UL RBs in the UL subbands,
-	 is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
[bookmark: _Toc131788054]A.2.5	Co-site gNB-gNB adjacent-channel CLI
For SLS in RAN1, for co-site gNB-gNB adjacent-channel CLI modelling, reuse similar method as co-site inter-sector co-channel inter-subband CLI modeling as follows. 


where
-	 is DL Tx power of sector x per RB (in linear scale), 
-	 is the maximum DL Tx Power of sector x in adjacent channel (in linear scale).
-	 is the total number of DL RBs in adjacent channel.
-	 is the number of DL RBs allocated for DL transmission of sector x in adjacent channel.
-	 is the interference suppression capability of co-site gNB-gNB adjacent-channel CLI between the aggressor sector x and the victim sector. 
-	
-	FFS the concrete value of 
-	 and  are in linear scale. 
[bookmark: _Toc120638190][bookmark: _Toc126683395][bookmark: _Toc131788055]A.2.56	Inter-site gNB-gNB adjacent-channel CLI
Regarding gNB-gNB adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
-	Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
-	Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g., receiver blocking at the victim, overload of the receiver dynamic range, etc).
For inter-site gNB-gNB adjacent-channel CLI modelling, reuse similar method as inter-site gNB-gNB co-channel inter-subband CLI modelling with gNB ACLR for TX leakage and gNB ACS for Receiver impairment. 
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for inter-site gNB-gNB adjacent-channel channel model, the power of inter-site gNB-gNB adjacent-channel CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
 
where
-	 is the power of inter-site gNB-gNB adjacent-channel CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value).
-	 is DL transmission power of gNB  across all transmit chains over all the scheduled DL RBs (linear value). 
-	is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
-	 is the total number of RBs of the channel bandwidth (e.g., 100MHz for FR1) of the aggressor gNB.
-	Note:   (i.e., gNB ACLR) and  (i.e., gNB ACS) are in linear scale. With this assumption, in absence of further RAN4 inputs, gNB ACLR and gNB ACS in current specification are used for both inter-site gNB-gNB co-channel inter-subband CLI modelling and inter-site gNB-gNB adjacent-channel CLI modelling. The values of  and  used in inter-site gNB-gNB co-channel and adjacent-channel CLI modelling can be revisited based on further RAN4 inputs.
-	Note: This model is not applicable to the RBs in the guard band between the two adjacent channels.
[bookmark: _Toc120638191][bookmark: _Toc126683396][bookmark: _Toc131788056]A.2.67	UE-UE adjacent-channel CLI
Regarding UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
-	Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
-	Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
For UE-UE adjacent-channel CLI modelling, reuse similar method as inter-site gNB-gNB co-channel inter-subband CLI modelling with UE ACIR used in Rel-16 CLI study.
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE adjacent-channel channel model, the power of UE-UE adjacent-channel CLI experienced by the victim UE on each receiver chain at one DL RB can be modelled as
 
where
-	 is the power of UE-UE adjacent-channel CLI from UE  to UE  on each receiver chain at one DL RB (linear value).
-	 is UL transmission power of UE  across all transmit chains over all UL RBs (linear value).
-	is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE.
-	 is the total number of RBs of the channel bandwidth (e.g., 100MHz for FR1) of the aggressor UE.
-	Note:  are in linear scale. In RAN4 reply LS, RAN4 agree on UE ACLR based model on Tx and UE ACS based model on Rx which is the same ACIR model as Rel-16 CLI study as starting point.
-	Note: This ACIR-based model is not applicable to the guard band between the two adjacent channels.
[bookmark: _Toc104488388][bookmark: _Toc131788057]A.3	Channel modelling
Editor's note: This section captures the channel modelling for SBFD and dynamic/flexible TDD evaluation, including gNB-UE channel model, gNB-gNB channel model and UE-UE channel model.
Table A.3-1: gNB-UE channel model
	
	Urban Macro, Dense Urban
	Indoor office
	2-layer Scenario B

	Large-scale channel parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· O2I penetration loss follows TR 38.901 (NOTE 1, NOTE 2)
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901 
· O2I penetration loss follows TR 38.901 (NOTE 1)
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· Penetration loss is not modelled.
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· Penetration loss is not modelled.
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Car penetration loss is modelled
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901
· Penetration loss is not modelled.
· Macro TRP to Indoor UE: UMa in TR 38.901
· O2I penetration loss follows TR 38.901 (NOTE 1, NOTE 2)
· Indoor TRP to Outdoor UE: 
· Option 1:
· A.2.1.2 in TR36.843UMi-Street canyon in TR 38.901 (hBS =3 m)
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901
· For both options, O2I penetration loss between indoor TRP and outdoor UE follows Table A.2.1-12 in TR 38.802 ( is the distance between the indoor TRP and the building boundary along the direction from Indoor TRP to outdoor UE. The  may be different for different indoor-TRP-outdoor-UE links associated with the same indoor TRP) (NOTE 1, NOTE 2)Both Car penetration (for outdoor UE) and O2I penetration loss are modelled, wherein, O2I penetration loss follows TR 38.901 (NOTE 1)

	Fast fading parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
	FR1:
· TRP-to-UE: InH-Office in TR 38.901

FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901
· Macro TRP to Indoor UE: UMa in TR 38.901
· Indoor TRP to Outdoor UE: 
· Option 1: 
· UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901

	NOTE 1:	For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
-	The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; Otherwise the building type is high loss.
NOTE 2:	The O2I car penetration loss is modelled with μ = 9, and σP = 5.



Table A.3-2: gNB-gNB channel model
	
	Urban Macro, Dense Urban
	Indoor office
	2-layer Scenario B

	Large-scale channel parameters (NOTE 2, NOTE 3)
	FR1:
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m), 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m)
FR2-1:
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m) 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m) 
	FR1:
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
· Penetration loss is not modelled.
FR2-1:
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
· Penetration loss is not modelled.
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). 
· For Indoor factory layer: InF in TR 38.901 (hUE =3m). 
· Penetration loss is not modelled.
· Macro TRP to Indoor TRP: UMa in TR 38.901 (hUE =3m)
· O2I penetration loss follows TR 38.901 (NOTE 1)
· Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP

	Fast fading parameters
	FR1:
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

FR2-1:
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901 
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
	FR1:
· TRP-to-TRP: InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD

FR2-1:
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m), ASA and ZSA statistics updated to be the same as ASD and ZSD
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered.
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD. 
· For Indoor factory layer: InF in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD
· Macro TRP to Indoor TRP: UMa O2I in TR 38.901
· Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP

	NOTE 1:	For Macro-gNB-indoor-gNB O2I building penetration loss, adopt the high loss and low loss O2I building penetration loss model in Table 7.4.3-2 in TR 38.901:
-	If InF is used as Layer-2 for 2-layer Scenario B, 100% high-loss model is considered.
-	Otherwise,For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
-	The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; Otherwise the building type is high loss. 
NOTE 2:	LOS probability of gNB-gNB channel:
-	For Macro-to-Macro, 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 75%; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
-	For other cases, reuse gNB-to-UE LOS probability equation in TR 38.901.
NOTE 3:	Regarding gNB-gNB channel model with UMa, extend the applicability range of hUT from 13m=<hUT<=23m to 13m=<hUT<=25m in the formula to get C(d2D, hUT) in Table 7.4.1-1 (Pathloss models) in TR 38.901.



Table A.3-3: UE-UE channel model
	
	Urban Macro, Dense Urban
	Indoor office
	2-layer Scenario B

	Large-scale channel parameters (NOTE 1, NOTE 2, NOTE 3, NOTE 4, NOTE 5)
	FR1:
· Option 1 (baseline): UE-to-UE: A.2.1.2 in TR 36.843 (NOTE 16), penetration loss between UEs follows Table A.2.1-12 in TR38.802
Option 2 (baseline): UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m) (NOTE 7), penetration loss between UEs follows Table A.2.1-12 in TR38.802
· 
· Use NLOS when two indoor UEs are in different buildings.
FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m) (NOTE 7), penetration loss between UEs follows Table A.2.1-12 in TR38.802
· Use NLOS when two indoor UEs are in different buildings.
	FR1:
· Option1 (baseline): UE-to-UE: A.2.1.2 in TR 36.843 (NOTE 1)
· Option 2 (baseline): UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
	FR1:
· Outdoor UE to Outdoor UE: 
· Option 1: A.2.1.2 in TR 36.843 (NOTE 16)
· Option 2 (baseline): UMi-Street canyon in TR 38.901 (hBS =1.5m) (NOTE 7)
· Penetration loss between UEs follows Table A.2.1-12 in TR38.802
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 1: A.2.1.2 in TR 36.843 (NOTE 16). 
· Option 2 (baseline):
· For Indoor office layer: InH-Office in TR 38.901 (hBS =1.5m). 
· For Indoor factory layer: InF in TR 38.901 (hBS =1.5m). 
· Penetration loss is not modelled.
· Outdoor UE to Indoor UE: 
· Option 1: A.2.1.2 in TR 36.843 (NOTE 16). 
· Option 2 (baseline): UMi-Street canyon in TR 38.901 (hBS =1.5m) (NOTE 7).
· Penetration loss between UEs follows Table A.2.1-12 in TR38.802

	Fast fading parameters
	FR1:
· Option 1 (baseline): UE-to-UE: A.2.1.2 in TR 36.843 (ITU InH) for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
· Option 2 (baseline): UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Option 1 (baseline): UE-to-UE: A.2.1.2 in TR 36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option2 (baseline): UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA.
· 
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Outdoor UE to Outdoor UE: 
· Option 1: 3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Option 2 (baseline): UMi-Street canyon in TR 38.901, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 1: A.2.1.2 in TR 36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
· For Indoor factory layer: InF in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Outdoor UE to Indoor UE: 
· Option 1: 3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Option 2: UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.

	NOTE 1:	For UE-UE penetration loss, Table A.2.1-12 in TR 38.802 is used with modification on the criterion used to determine whether two indoor UEs are in the same building or not as below:
-	For indoor office scenario in FR1/FR2-1, all the UEs are in the same building.
-	For Urban Macro or Dense Urban Macro layer scenario in FR1,
-	(baseline) if UE clustering distribution is used, two indoor UEs are considered in the same buildings if they are in the same UE cluster; two indoor UEs are considered in different buildings if they are in different UE clusters.
-	(optional) if uniform UE distribution is used, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
-	For Dense Urban with 2-layer scenario in FR1, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
-	For Dense Urban Macro layer scenario in FR2, baseline is that all the UEs are outdoor UEs.
-	For the optional case that 20% UEs are outdoor UEs and 80% UEs are indoor UEs, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
-	For Dense Urban Micro layer scenario in FR2, all the UEs are outdoor UEs.
-	For 2-layer Scenario B in FR1, all the indoor UEs are in the same building.
NOTE 2:	For UE-UE O2I building penetration loss, the following is used to generate   for a UE-UE link associated with an indoor UE (the other UE could be an outdoor UE or an indoor UE in a different building) in order to calculate the inside loss component () of the UE-UE O2I building penetration loss.
-	
NOTE 3:	For UE-UE O2I building penetration loss, adopt the high loss and low loss O2I building penetration loss model in Table 7.4.3-2 in TR 38.901.
-	If InF is used as Layer-2 for 2-layer Scenario B, 100% high-loss model is considered.
-	Otherwise, 80% low-loss model and 20% high-loss model is considered.
-	The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; Otherwise, the building type is high loss.
-	For UEs determined in the same building, each UE selects high loss/low loss building type independently.
NOTE 4:	For UE-UE LOS probability, when channel model of UMi-Street canyon in TR 38.901 is used for UE-to-UE link,  in LOS probability formula can be interpreted as follow:
-	For outdoor UE to outdoor UE, 
-	For indoor UE to outdoor UE and outdoor UE to indoor UE, 
-	For indoor UE to indoor UE in different buildings, it is always NLOS.
-	 is the UE-UE 2D distance
NOTE 5:	When two indoor UEs are in different buildings, the LOS probability is always NLOS, and the standard deviation of shadow fading for NLOS in TR 38.901 is used.
NOTE 16:	Regarding Option 1 of UE-UE channel model for FR1, 
-	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR 36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR 36.843, and the penetration loss is derived according to Table A.2.1-12 in TR 38.802.
-	For Indoor to Indoor case, additional 6dB should be added in pathloss to support 4GHz carrier frequency.
NOTE 7:	For UE-UE path loss computation based on TR 38.901 (Option 2), extend the applicability range of the equations down to 1m (minimum distance between UEs).
-	



[bookmark: _Ref117527057][bookmark: _Toc126680980][bookmark: _Toc131788058]A.4	Performance metrics
Editor's note: This section captures the definition of performance metrics for SBFD and dynamic/flexible TDD evaluation.
[bookmark: _Toc126683399][bookmark: _Toc131788059]A.4.1	UPT related performance metrics
UPT is defined as the size of an FTP packet divided by the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver [Refer to TR36.814]. Unfinished FTP packets should be incorporated in the UPT calculation. The number of served bits (possibly zero) of an unfinished FTP packet by the end of the simulation is divided by the served time (simulation end time – file arrival time) [Refer to TR36.889]. Consider zero bit for dropped FTP packets.
Mean/5%/50%/95% Average-UPT, Average-UPT CDF:
-	Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
-	Average-UPT CDF: the CDF of the Average-UPTs for all users.
-	Mean/5%/50%/95% Average-UPT: the mean/5%/50%/95% value of Average-UPTs for all users.
Mean/5%/50%/95% Tail-UPT, Tail-UPT CDF:
-	Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
[bookmark: _Hlk124281720]-	Tail-UPT CDF: the CDF of the Tail-UPTs for all users.
-	Mean/5%/50%/95% Tail-UPT: the mean/5%/50%/95% value of Tail-UPTs for all users.
Mean/5%/50%/95% Median-UPT, Median-UPT CDF:
-	Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
[bookmark: _Hlk124281742]-	Median-UPT CDF: the CDF of the Median-UPTs for all users.
-	Mean/5%/50%/95% Median-UPT: the mean/5%/50%/95% value of Median-UPTs for all users.
[bookmark: _Toc126683400][bookmark: _Toc131788060]A.4.2	Latency related performance metrics
Packet latency is defined as the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver. HARQ re-transmission should be considered for latency evaluation. Unfinished/dropped FTP packets are not incorporated in the packet latency calculation.
Mean/5%/50%/95% Packet-Latency, Packet-Latency CDF:
-	Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
[bookmark: _Hlk124281776]-	Packet-Latency CDF is the CDF of the packet latencies of all the packets from all the UEs.
-	Mean/5%/50%/95% Packet-Latency is the mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
Mean/5%/50%/95% UE-Average-Latency, UE-Average-Latency CDF:
-	Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
-	UE-Average-Latency CDF is the CDF of the UE-Average-Latency for all users.
-	Mean/5%/50%/95% UE-Average-Latency is the mean/5%/50%/95% value of UE-Average-Latency for all users.
[bookmark: _Toc126683401][bookmark: _Toc131788061]A.4.3	RU and Unfinished/dropped FTP packets rate
[bookmark: _Hlk118194005]Type-1 RU: 
-	DL/UL Type-1 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time.
Type-2 RU:
-	DL/UL Type-2 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of RBs per cell available for traffic for the given link direction over observation time.
For both type-1 RU and type-2 RU, in case of MU-MIMO, one RB allocated to N users within a cell is only counted as used once.
Unfinished/dropped Packet Rate:
-	Unfinished/dropped Packet Rate is defined as the number of the unfinished packets for all users divided by the total number of generated packets for all users
[bookmark: _Toc126680981][bookmark: _Toc131788062]A.5	gNB antenna configuration and transmit power for SBFD
Editor's note: This section captures the gNB antenna configuration and transmit power for SBFD evaluation.
For evaluation of legacy TDD operation, BS uses the same antenna array for downlink transmission and uplink reception, we can call it shared-Tx/Rx antenna array for description of evaluation assumption. For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption. 
The separate-Tx/Rx antenna array for description of evaluation assumption can be modelled by two panel groups as in Figure A.5-1.
-	Legacy parameters ,  and  are used for description of each panel group:
-	M: Number of vertical antenna elements within a panel, on one polarization
-	N: Number of horizontal antenna elements within a panel, on one polarization
-	P: Number of polarizations
-	: Number of panels in a column within a panel group.
-	: Number of panels in a row within a panel group.
-	: Antenna panel spacing in horizontal direction within a panel group.
-	: Antenna panel spacing in vertical direction within a panel group.
-	Companies are to report the separation of the two panel groups. Introduce new parameters  as illustrated in the following Figure A.5-1.
-	: Panel group spacing in the horizontal direction. Typically,  = 0.
-	: Panel group spacing in the vertical direction.
[image: ]
Figure A.5-1: Separate-Tx/Rx antenna array model
For evaluation and comparison between SBFD and legacy TDD, three options can be used.
-	SBFD antenna configuration option-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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
-	SBFD antenna configuration option-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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
-	SBFD antenna configuration option-3: 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. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
These options are further clarified with examples in the following:
As shown in Figure A.5-2 (a), for legacy TDD with shared-Tx/Rx antenna array, assume the antenna configuration is . The total number of TxRUs is , and the total number of antenna elements is .
For SBFD antenna configuration option-1, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (same as legacy TDD). One method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols is illustrated as below. Other methods are not precluded and can be reported by companies. 
-	Method 1 (see Figure A.5-2 (b)): 
-	In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Tx chains in TxRU group#2.
-	In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
-	In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
For SBFD antenna configuration option-2, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (two times of that for legacy TDD). Two methods on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
-	Method 2-1 (see Figure A.5-2 (c)): 
-	In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
-	In UL slots, L antenna elements on panel group#2 are connected to K Rx chains.
-	In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
-	Method 2-2 (see Figure A.5-2 (d)): 
-	In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
-	In UL slots, L antenna elements on panel group#1 are connected to K Rx chains.
-	In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
For SBFD antenna configuration option-3, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (half of that for legacy TDD), and the total number of antenna elements is (same as legacy TDD). The method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
-	Method 3-1 (see Figure A.5-2 (e)): 
-	In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains.
-	In UL slots, L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
-	In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
-	Method 3-2 (see Figure A.5-2 (f)): 
-	In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1.
-	In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1.
-	In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#1.
[image: ]
(a) Legacy TDD with shared-Tx/Rx antenna array
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(b) SBFD antenna configuration Option-1 (Method 1)
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(c) SBFD antenna configuration Option-2 (Method 2-1)
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(d) SBFD antenna configuration Option-2 (Method 2-2)
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(e) SBFD antenna configuration Option-3 (Method 3-1)
[image: ]
(f) SBFD antenna configuration Option-3 (Method 3-2)
[bookmark: _Ref117438244]Figure A.5-2: Illustration of antenna configuration of legacy TDD and SBFD
For SBFD evaluation, assume the maximum BS transmit power is proportional to the number of Tx chains used for transmission
-	For SBFD antenna configuration Option-1, 
-	in DL-only symbols, the maximum BS transmit power for SBFD is the same as that for legacy TDD
-	in SBFD symbols, the maximum BS transmit power for SBFD is half of that for legacy TDD
-	For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD
-	For SBFD antenna configuration Option-3, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always half of that for legacy TDD
For BS transmit power for SBFD, take Option-1 as baseline. Option-2 can also be evaluated.
-	Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems), i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
-	Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols, i.e., 
-	DL symbols in SBFD operation have the same PSD as used in TDD DL symbols
-	For SBFD symbols, its PSD is scaled according to the number of RBs in DL subband(s), e.g., 

-	 is the BS transmit power spectrum density per Tx chain in SBFD symbols
-	 is the BS transmit power spectrum density per Tx chain in DL-only symbols
-	 is the system bandwidth and  is the total bandwidth of DL subbands
[bookmark: _Toc126680982][bookmark: _Toc131788063]A.6	Traffic model
Editor's note: This section captures the traffic model for SBFD and dynamic/flexible TDD evaluation.
[bookmark: _Ref117610714]Table A.6-1: Traffic model of FTP model 3 for SBFD evaluation
	
	1-layer scenario for SBFD Deployment Case 1 
	2-layer scenario for SBFD Deployment Case 1 and Case 3-2
	SBFD Deployment Case 4

	General
	UL and DL are simulated simultaneously. Companies to report which option is used (NOTE 1).
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· assume the same number of UEs for UL and DL
· Option 2: Each UE is assigned both UL traffic and DL traffic.

	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
· 1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
· 4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL

	UL/DL arrival rate for baseline legacy TDD case
	The UL/DL packet arrival rates are selected so that baseline legacy TDD case achieves a certain level of Type-2 RU (i.e., <10%, 20%-40% and ≥50% for low, medium and high load).
	The UL/DL packet arrival rates are selected for each layer independently so that each layer of baseline legacy TDD case achieves a certain level of Type-2 RU (i.e., <10%, 20%-40% and ≥50% for low, medium and high load).
	The UL/DL packet arrival rates are selected for each operator independently so that each operator of baseline legacy TDD case achieves a certain level of Type-2 RU (i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	UL/DL arrival rate for SBFD case
	The packet arrival rates for SBFD case are the same as that for baseline legacy TDD case.
	The packet arrival rates are kept the same for each corresponding layer in baseline legacy TDD case (i.e., legacy TDD for both layer-1 and layer-2) and SBFD deployment case (i.e., SBFD for both layer-1 and layer-2 for SBFD Deployment Case 1, or layer-1 with legacy TDD and layer-2 with SBFD for SBFD Deployment Case 3-2) respectively.
	The packet arrival rates are kept the same for each corresponding operator in baseline legacy TDD case (i.e., legacy TDD for both Operator#1 and Operator#2) and SBFD deployment case 4 (i.e., legacy TDD for Operator#1 and SBFD for Operator#2) respectively.

	NOTE 1:	For M UEs distributed per direction,
-	If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M UEs, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
-	If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M UEs.



Table A.6-2: Traffic model of FTP model 3 for dynamic/flexible TDD evaluation
	
	1-layer scenario 
	2-layer scenario 

	General
	UL and DL are simulated simultaneously. Companies to report which option is used (NOTE 1).
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· assume the same number of UEs for UL and DL
Option 2: Each UE is assigned both UL traffic and DL traffic.

	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
· 1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
· 4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL

	UL/DL arrival rate determination method
	The UL/DL arrival rates are selected so that network using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU (i.e., <10%, 20%-40% and ≥50% for low, medium and high load).
	The UL/DL arrival rates are selected for each layer independently so that each layer using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU (i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	NOTE 1:	For M UEs distributed per direction,
-	If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M UEs, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
-	If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M UEs.


[bookmark: _Toc126680983][bookmark: _Toc131788064]A.7	SBFD subband and slot configurations
Editor's note: This section captures the SBFD subband and slot configurations for SBFD evaluation.
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation, one or more of the following alternatives can be considered:
-	Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
-	Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
-	Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 25% of the channel bandwidth.
[bookmark: _Hlk124285151]-	Note: Alt 3 is deprioritized.
-	Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
Regarding the SBFD subband configuration for Alt 1/2/4, SBFD Subband configuration#1 with {DUD} pattern as following is assumed.
-	For FR1 
-	Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>
-	Optional: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <106, 51, 5>
-	For FR2-1
-	BaselineOptional: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
-	OptionalBaseline: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <4752, 3226, 31>
wherein, 
-	ND is the number of RBs in one DL subband.
-	NU is the number of RBs in one UL subband.
-	NG is the number of RBs in one guard band between one UL subband and one DL subband.
-	Other values of < ND, NU, NG > are not precluded and can be reported by companies.
Regarding the SBFD slot configurations, companies should report the guard symbols assumed in the SBFD operation.
[bookmark: _Toc120638200][bookmark: _Toc126680984][bookmark: _Toc131788065]A.8	Coupling loss definition
Editor's note: This section captures the coupling loss definition for SBFD evaluation.

Consider following for the definition of coupling loss  from Tx antenna port p of transmitter A to Rx antenna port u of receiver B:
If both large scale fading and small scale fading are modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (1) which is based on formula (B.1-2) in TR 37.910.

If only large scale fading is modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (2).


where
-	 () represents a complex weight vector used for virtualization of Tx antenna port p of transmitter , and  () represents a complex weight vector used for virtualization of Rx antenna port u of receiver .
[bookmark: _Toc104488389]-	Formula (A-1216) can be understood according to equation (7.5-29) in TR38.901.
[bookmark: _Toc126680985][bookmark: _Toc131788066]Annex <B>:
System level simulation assumptions
[bookmark: _Ref117631956]Table B‑1: SLS assumptions common to SBFD and Dynamic/flexible TDD
	Parameters
	FR1
	FR2-1

	Carrier frequency
	4GHz
	30GHz

	BS antenna array configuration
	Companies to report the BS antenna configurations

	UE antenna configuration
	Companies to report the UE antenna configurations

	BS antenna radiation pattern
	· InH: reuse the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
Companies can also consider evaluation with other realistic BS antenna radiation pattern

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain
	Reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)

	Channel Model
	Refer to Annex A.3

	Traffic model
	Refer to Annex A.6

	Layout
	Refer to Annex A.1.1

	UE distribution
	Refer to Annex A.1.2

	System bandwidth
	100MHz
	BaselineOptional: 100MHz
OptionalBaseline: 200MHz

	Numerology
	14 OFDM symbol slot, SCS = 30kHz
	14 OFDM symbol slot, SCS = 120kHz

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm 

	Open loop power control parameters
	Companies to report power control parameters.

	BS receiver noise figure
	5dB
	7dB

	UE receiver noise figure
	9 dB
	10 dB (13dB is not considered in SLS)13 dB

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

	Feedback assumption
	Realistic 

	Channel estimation
	Companies to report the option used.
Option 1: Ideal
Option 2: Realistic 

	UE processing capability
	UE processing capability 1 as baseline

	Handover margin
	3 dB 

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
Single gNB panel is used for UE attachment

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 256QAM

	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 

	Scheduling
	PF

	Overhead
	Companies to report the overhead assumption



[bookmark: _Ref117631976]Table B‑2: SLS assumptions specific to SBFD Deployment Case 1
	
	FR1
	FR 2-1

	Parameters
	Indoor office
	Urban Macro / Dense Urban Macro layer
	Dense Urban with 2-layer
	Indoor office
	Dense Urban Macro layer
	Dense Urban Micro layer

	BS transmit power for legacy TDD
	24 dBm for 100MHz 
	Urban Macro
· Option 1: 53 dBm for 100MHz
· Option 2: 49 dBm for 100MHz 
Dense Urban Macro layer
· Option 1: 53 dBm for 100MHz
· Option 2: 44 dBm for 100MHz 
	Dense Urban Macro layer
· Option 1: 53 dBm for 100MHz
· Option 2: 44 dBm for 100MHz 
Dense Urban Micro layer
· 38 dBm for 100MHz
	23 dBm for both 100MHz and 200MHz. EIRP should not exceed 58 dBm.
	40 dBm for 100MHz or 43dBm for 200MHz
	30 dBm for 100MHz or 33dBm for 200MHz. EIRP should not exceed 68 dBm.

	BS transmit power for SBFD
	Refer to Annex A.5. Companies to report the assumption of BS transmit power on DL slots and SBFD slots in SBFD operation.

	SBFD subband and slot configurations
	Alt 1/2/4 in Annex A.7 are used for comparison between baseline legacy TDD network and SBFD deployment case 1.

	NOTE 1:	Companies are encouraged to provide evaluation results for the following parameter combinations shown in Table B-2b with higher priority.
-	Other parameter combinations are not precluded. 
-	The parameters that have baseline assumptions are not listed.



[bookmark: _Ref117632023]Table B‑2a: SLS assumptions specific to SBFD Deployment Case 1
	SBFD deployment case 1

	Parameter sets
	Parameters
	Indoor office (FR1)
	Urban Macro (FR1)
	Indoor office (FR2-1)
	Dense Urban Macro Layer (FR2-1)

	SBFD subband and slot configurations
	SBFD subband and slot configurations
	· Alt 2 (TDD{DDDSU}, SBFD{XXXXU})
· Alt 4 (TDD{DDDSU}, SBFD{XXXXX})

	Traffic model
	DL/UL FTP packet size
	· Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL
· Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL

	
	DL/UL traffic load 
	· {DL:UL}={Low, Low}
· {DL:UL}={Medium, Medium}
· {DL:UL}={High, High}

	Antenna configuration
	BS antenna configuration for SBFD
	SBFD antenna configuration Option-2

	
	UE antenna configuration
	The UE antenna configurations used for SLS calibration

	Channel model
	gNB-gNB co-channel channel model
	Both large scale fading and small scale fading are modelled

	
	UE-UE co-channel channel model
	For FR1, at least large scale fading is modelled.
For FR2-1, both large scale fading and small scale fading are modelled



Table B‑3: SLS assumptions specific to SBFD Deployment Case 3-2 (FR1)
	Parameters
	2-layer Scenario B

	BS transmit power for legacy TDD
	For 2-layer scenario B in FR1, reuse the BS transmission power of Urban Macro scenario for Layer 1, and reuse the BS transmission power of Indoor office scenario for Layer 2, e.g.,
Layer 1: Urban Macro
· Option 1: 53 dBm for 100MHz
· Option 2: 49 dBm for 100MHz 
Layer 2: Indoor office
· 24 dBm for 100MHz

	BS transmit power for SBFD
	Refer to Annex A.5. Companies to report the assumption of BS transmit power on DL slots and SBFD slots in SBFD operation.

	SBFD subband and slot configurations
	
	
	Layer 1
	Layer 2

	baseline legacy TDD network (Baseline for comparison with SBFD Deployment Case 3-2)
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]

	SBFD Deployment Case 3-2
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
	Companies to report which option is used:
· Option 1: SBFD Frame structures in Alt2(XXXXU) in Annex A.7
· Option 2: SBFD Frame structures in Alt4(XXXXX) in Annex A.7




	UE attachment
	UE selected macro TRP or indoor TRP is determined based on the RSRP from port 0, i.e., the UE in the indoor office/indoor factory can select the Macro cell as serving cell, and the UE outside the indoor office/indoor factory can select the indoor TRP as serving cell



[bookmark: _Ref117632031]Table B‑4: SLS assumptions specific to SBFD Deployment Case 4 (FR1 & FR2)
	Parameters
	Urban Macro (FR1)
	Dense Urban Macro layer (FR2-1)

	BS transmit power
	· Different power levels in adjacent carriers can be simulated, and it is up to company to report the power levels.
· Company to report the power levels on DL slots and SBFD slots in SBFD operation.

	SBFD subband and slot configurations
	
	
	Operator#1
	Operator#2

	baseline legacy TDD network (Baseline for comparison with SBFD Deployment Case 4)
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]

	SBFD Deployment Case 4
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
	Companies to report which option is used:
· Option 1: SBFD Frame structures in Alt2(XXXXU) in Annex A.7
· Option 2: SBFD Frame structures in Alt4(XXXXX) in Annex A.7






[bookmark: _Ref117670292]Table B‑5: SLS assumptions specific to dynamic/flexible TDD
	Parameters
	FR1
	FR2-1

	
	Indoor office
	Urban Macro
	2-layer Scenario B
	Indoor office
	Dense Urban Macro layer

	BS transmit power 
	24 dBm for 100MHz 
	· Option 1: 53 dBm for 100MHz
· Option 2: 49 dBm for 100MHz  
	Urban Macro
· Option 1: 53 dBm for 100MHz
· Option 2: 49 dBm for 100MHz 

Indoor office/indoor factory
· 24 dBm for 100MHz
	23 dBm for both 100MHz and 200MHz. EIRP should not exceed 58 dBm.
	40 dBm for 100MHz or 43dBm for 200MHz



Table B‑6: SLS assumptions for interference modelling
	Parameters
	FR1
	FR2-1

	gNB self-interference - 
	Candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB. Companies shall report what values of the individual components are assumed in order to achieve the  value corresponding to 1 dB desense. Other approaches of determining values for  are not precluded and can be used and reported by companies.

	Co-site inter-sector co-channel inter-subband CLI - 
	For co-site inter-sector co-channel inter-subband CLI modelling, before receiving RAN4’s reply on the value of , RAN1 assume the following only for evaluation:
· FR1:
· 75dB for spatial isolation (RAN4 typical value).
· 93dB for spatial isolation (RAN4 best value).
· 100dB for spatial isolation 
· FR2:
· 88dB for spatial isolation (RAN4 typical value).
· 98dB for spatial isolation (RAN4 best value).
· 105dB for spatial isolation 
· In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
· The feasibility of these values is up to RAN4. These values can be revisited based on further RAN4 inputs.
· The 100dB/105dB isolation values for FR1 and FR2 are not from RAN4, but based on RAN4 input that some companies have proposed that isolating material could be added between sectors to increase the isolation. RAN4 has not yet discussed the details whether such approaches can be applied to outdoor sites. 

	BS ACLR - 
	45 dB
	28 dB

	BS ACS - 
	46 dB
	23.5 dB

	UE ACLR - 
	30 dB
	23 dB

	UE ACS - 
	33 dB
	23 dB



[bookmark: _Toc131788067]Annex <C>:
System level simulation calibration
[bookmark: _Toc120638203][bookmark: _Toc126683408][bookmark: _Toc131788068]C.1	SLS calibration methodology
Calibration scenarios
The SLS calibration focuses on the following scenarios of SBFD Deployment Case 1:
-	FR1
-	Urban Macro
-	Indoor office
-	FR2-1
-	Dense Urban Macro layer
-	Indoor office

Calibration metrics
The following metrics are considered for SLS calibration:
-	CDF of gNB-UE coupling loss
-	CDF of Inter-gNB coupling loss
-	CDF of Inter-UE coupling loss
-	Optional: CDF of DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
-	Optional: CDF of DL SINR in SBFD slots
-	Optional: CDF of UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
-	Optional: CDF of UL SINR in SBFD slots

Table C.1-1: Statistic method for SLS calibration
	SLS calibration metrics
	Statistic method

	gNB-UE coupling loss
	Only the coupling losses between each UE and its serving cell are collected for CDF statistic.
·  and  are determined by selecting the best beam pair of the UE and its serving cell with the criteria of maximizing receive power of the UE.

	Inter-gNB coupling loss
	For one SLS drop, generate channels among gNBs, calculate and collect the coupling loss for each gNB pair
· The two gNBs in each gNB pair should be from different sites.
· Both  and  are randomly selected for calculating the coupling loss for each gNB pair.
Companies to run enough SLS drops and report the number of SLS drops when plotting the CDF using the collected coupling losses.

	Inter-UE coupling loss
	For one SLS drop, drop UEs in the network and generate channels among UEs, calculate and collect the coupling loss for each UE pair
· For all of Urban Macro, Dense Urban Macro Layer and Indoor office scenarios, If if the 2D distance between two UEs in a UE pair is larger than 50m, the UE pair is not considered for statistic.
· For each UE,  and  is determined based on the best beam pair of the UE and its serving cell.
Companies to run enough SLS drops and report the number of SLS drops when plotting the CDF using the collected coupling losses.

	NOTE 1: 	For calibration, only large scale fading is modelled. Formula (2A-15) in Annex A.8 for CL with averaging across all the Tx/Rx ports is used for coupling loss calculation above, i.e.,

· Not modelling fast fading doesn’t impact the calculation of path loss PL and shadowed fading SF
· The antenna pattern related part () is calculated based on the LOS direction between the two nodes, i.e., 
NOTE 2: 	The beams for above cases are selected based on a defined set of beams for FR1 and FR2 in the table for calibration assumptions.



[bookmark: _Toc120638204][bookmark: _Toc126683409][bookmark: _Toc131788069]C.2	SLS calibration assumptions
Table C.2-1: SLS calibration assumptions
	
	Urban Macro (FR1) 
	Dense Urban Macro Layer (FR2-1)
	Indoor office (FR1)
	Indoor office (FR2-1)

	Carrier frequency
	4 GHz
	30GHz
	4 GHz
	30GHz

	System bandwidth
	100MHz
	100MHz
	100MHz
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 120kHz
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 120kHz

	BS transmit power for SBFD
	53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	40 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	24 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	23 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD

	
	Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
	23dBm
	23 dBm. EIRP should not exceed 43 dBm

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
	12 TRPs per 120m x 50m x 3m

	Inter-BS (2D) distance
	500m
	200m
	20m

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

	Minimum UE-UE (2D) distance
	1m
	1m
	1m

	BS antenna height
	25m
	25m
	3m

	UE distribution
	UE Clustering
	UE Clustering
	Uniform

	UE number per macro/indoor TRP (per direction) (M) 
	20
	10
	10

	UE cluster number per macro cell (X)
	2
	1
	-

	UE number per cluster
	8
	8
	-

	UE outdoor/indoor proportion
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	100% outdoor without car penetration loss: 3km/h
	100% indoor in houses: 3km/h

	Indoor UE height (m)
	1.5m
	1.5m
	1.5m

	Outdoor UE height (m)
	1.5m
	1.5m
	-

	Radius of cluster (R)
	25m
	20m
	-

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	60m
	55m
	-

	Minimum distance between two UE cluster centers (Dinter-cluster)
	50m
	-
	-

	gNB-UE Channel model 
	Macro-to-UE: UMa in TR 38.901
For FR1, gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model
	TRP-to-UE: InH-Office in TR 38.901
Penetration loss is not modelled.

	gNB-gNB Channel model (large-scale)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
	TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
Penetration loss is not modelled.

	UE-UE Channel model (large-scale)
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).
For FR1, penetration loss between UEs follows Table A.2.1-12 in TR38.802
	UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)

	BS antenna array configuration for Legacy TDD
	(M,N,P,Mg,Ng;Mp,Np)  = (8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np)  = (4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np)  = (4,4,2,1,1; 4,4) 
= (0.5, 0.5)λ,  +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np)  =(16,8,2,1,1; 1,1)
= (0.5, 0.5)λ,  +45°/-45° polarization

	BS antenna array configuration for SBFD
	SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng) = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng)  = (4,16,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ
	SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng) = (4,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng) = (16,8,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	BS antenna radiation pattern
	reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
	reuse Table 10 in Report ITU-R M.2412 (Table A.2.1-7 in TR 38.802)

	UE antenna configuration
	· 2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
· 4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1); (dH,dV) = (0.5,0.5)λ,(dg,V,dg,H) = (0, 0)λ, 0°/90° polarization; Θmg,ng=90°; Ω0,1=Ω0,0+180°
	· 2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
· 4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1); (dH,dV) = (0.5,0.5)λ,(dg,V,dg,H) = (0, 0)λ, 0°/90° polarization; Θmg,ng=90°; Ω0,1=Ω0,0+180°

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain
	reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)
	Omni-directional with 0 dBi element gain
	reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)

	BS receiver noise figure
	5dB
	7 dB
	5dB
	7 dB

	UE receiver noise figure
	9 dB
	13 dB
	9 dB
	13 dB

	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 
	P0= -86 dBm, alpha = 0.9 
	P0= -60 dBm, alpha = 0.6

	Handover margin (dB)
	3 dB
	3 dB
	3 dB
	3 dB

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
· Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
· Single gNB panel is used for UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0. 
· Out of the two UE panels, the UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
· Single gNB panel is used for UE attachment

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	180° in GCS (pointing to the ground)
	180° in GCS (pointing to the ground)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
Zenith angle θj = {5*pi/8, 7*pi/8}

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	-
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
Zenith angle θj = {pi/4,  3*pi/4}

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
Zenith angle θj = {pi/4, 3*pi/4};

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = {-3*pi/8, -pi/8, pi/8, 3*pi/8};
Zenith angle θj = {pi/4, 3*pi/4};

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
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