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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: _Toc118577202]
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: _Toc118577203]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]	Report ITU-R M.2412: "Guidelines for evaluation of radio interface technologies for IMT-2020".
[bookmark: definitions][bookmark: _Toc104488338][bookmark: _Toc118577204]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc104488339][bookmark: _Toc118577205]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: _Toc118577206]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc104488341][bookmark: _Toc118577207]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].
<ABBREVIATION>	<Expansion>
SBFD	Subband non-overlapping full duplex
CLI	Cross link interference
UPT	User perceived throughput
RU	Resource utilization
[bookmark: clause4][bookmark: _Toc104488342][bookmark: _Toc118577208]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: _Toc118577209]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: _Toc118577210]6	Subband non-overlapping full duplex (SBFD)
Editor's note: More subsections may be added under section 6 depending on the discussion for SBFD
[bookmark: _Toc104488345][bookmark: _Toc118577211]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: _Toc104488346][bookmark: _Toc118577212]6.2	gNB self-interference handling schemes

[bookmark: _Toc104488347][bookmark: _Toc118577213]6.3	Inter-gNB and inter-UE CLI handling schemes
Editor's note: This section captures the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.
[bookmark: _Toc104488348][bookmark: _Toc118577214]7	Feasibility and Performance Evaluation for SBFD
[bookmark: _Toc104488349][bookmark: _Toc118577215]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.

[bookmark: _Toc103163467][bookmark: _Toc104488350]7.1.1	FR1

[bookmark: _Toc103163468][bookmark: _Toc104488351]7.1.2	FR2
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
-	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. Reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
-	Optional: Indoor factory. Reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
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.
[bookmark: _Toc103163469][bookmark: _Toc104488352][bookmark: _Toc118577216]7.2	Evaluation Methodologies
Editor's note: This section captures table(s) for evaluation metrics and assumptions of link budget analysis (if needed), link level simulation (if needed) and system level simulation for the identified scenarios. Further details on interference modelling and channel modelling are found in Annex A.1 and Annex A.2, respectively.
[bookmark: _Toc104488353][bookmark: _Toc118577217]7.2.1	Link budget analysis
[bookmark: _Toc104488354][bookmark: _Toc118577218]7.2.1.1	FR1

[bookmark: _Toc104488355][bookmark: _Toc118577219]7.2.1.2	FR2

[bookmark: _Toc104488356][bookmark: _Toc118577220]7.2.2	Link level simulation
[bookmark: _Toc104488357][bookmark: _Toc118577221]7.2.2.1	FR1

[bookmark: _Toc104488358][bookmark: _Toc118577222]7.2.2.2	FR2

[bookmark: _Toc104488359][bookmark: _Toc118577223]7.2.3	System level simulation
[bookmark: _Toc104488360]7.2.3.1	FR1

[bookmark: _Toc104488361]7.2.3.2	FR2
Interference Modelling
The modelling methods for the following interference types can be found in Annex A.1.
-	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.2.
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
-	Mean/5%/50%/95% Tail-UPT
-	Mean/5%/50%/95% Median-UPT
-	Latency related performance metric
-	Baseline: Mean/5%/50%/95% Packet-Latency
-	Optional: Mean/5%/50%/95% UE-Average-Latency
-	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: _Toc103163470][bookmark: _Toc104488362][bookmark: _Toc118577224]7.3	Performance Evaluation Results
Editor's note: This section captures the results and observations of performance evaluation for identified scenarios.
[bookmark: _Toc103163471][bookmark: _Toc104488363][bookmark: _Toc118577225]7.3.1	FR1

[bookmark: _Toc103163472][bookmark: _Toc104488364][bookmark: _Toc118577226]7.3.2	FR2

[bookmark: _Toc103163473][bookmark: _Toc104488365][bookmark: _Toc118577227]7.4	Feasibility Evaluation
Editor's note: This section may capture the analytical results and observations using link budget analysis provided in section 7.2. This section may also capture the feasibility analysis from the signalling/procedure perspective or from performance perspective.
[bookmark: _Toc103163474][bookmark: _Toc104488366][bookmark: _Toc118577228]7.4.1	FR1

[bookmark: _Toc103163475][bookmark: _Toc104488367][bookmark: _Toc118577229]7.4.1	FR2


[bookmark: _Toc103163476][bookmark: _Toc104488368][bookmark: _Toc118577230]8	Potential enhancements on dynamic/flexible TDD
[bookmark: _Toc103163478][bookmark: _Toc104488369][bookmark: _Toc118577231]8.1	Inter-gNB and inter-UE CLI handling schemes
Editor's note: This section captures the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.

[bookmark: _Toc118577232][bookmark: _Toc103163477][bookmark: _Toc104488370]8.2	Inter-UE CLI handling schemes Other aspects of dynamic TDD 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.
Editor's note: This section captures the other aspects of dynamic TDD schemes except the inter-gNB and inter-UE CLI handling schemes.

[bookmark: _Toc103163479][bookmark: _Toc104488371][bookmark: _Toc118577233][bookmark: _Hlk96518637]9	Feasibility and Performance evaluation for dynamic/flexible TDD 
[bookmark: _Toc103163480][bookmark: _Toc104488372][bookmark: _Toc118577234]9.1	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.
[bookmark: _Toc103163481][bookmark: _Toc104488373]9.1.1	FR1

[bookmark: _Toc103163482][bookmark: _Toc104488374]9.1.2	FR2
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. Reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
-	Optional: Indoor factory. Reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
-	FR2-1
-	1-layer scenario: 
-	Indoor office
-	(Optional) Dense Urban Macro layer
Companies can submit results for other scenarios.
[bookmark: _Toc103163483][bookmark: _Toc104488375][bookmark: _Toc118577235]9.2	Evaluation Methodologies
Editor's note: This section captures table(s) for evaluation metrics and assumptions of system level simulation for the identified scenarios.
[bookmark: _Toc104488376][bookmark: _Toc118577236]9.2.1	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.2.

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
-	Mean/5%/50%/95% Tail-UPT
-	Mean/5%/50%/95% Median-UPT
-	Latency related performance metric (Up to companies to report the latency with Option 2)
-	Baseline: Mean/5%/50%/95% Packet-Latency
-	Optional: Mean/5%/50%/95% UE-Average-Latency
-	Unfinished/dropped Packet Rate
-	RU: Editor's note: FFS.

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



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

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.
9.2.1.1	FR1

9.2.1.2	FR2
[bookmark: _Toc103163484][bookmark: _Toc104488379][bookmark: _Toc118577237]9.3	Performance Evaluation Results
Editor's note: This section captures the results and observations of performance evaluation for identified scenarios.
[bookmark: _Toc103163485][bookmark: _Toc104488380][bookmark: _Toc118577238]9.3.1	FR1

[bookmark: _Toc103163486][bookmark: _Toc104488381][bookmark: _Toc118577239]9.3.2	FR2

[bookmark: _Toc104488382][bookmark: _Toc118577240]9.4	Feasibility Evaluation

[bookmark: _Toc103163490][bookmark: _Toc104488383][bookmark: _Toc118577241]10	Feasibility of and impact on RF requirements 
Editor'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: _Toc103163491][bookmark: _Toc104488384][bookmark: _Toc118577242]11	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: _Toc103163492][bookmark: _Toc104488385][bookmark: _Toc118577243]12	Conclusions and recommendations


[bookmark: _Toc104488386][bookmark: _Toc118577244]
Annex <A>(informative):
Interference and Channel ModellingEvaluation methodologies
[bookmark: _Toc104488387][bookmark: _Toc118577245]A.1	Interference Modelling
Editor's note: This section captures the interference modelling methods for SBFD including: gNB Self-Interference, 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 and UE-UE adjacent-channel CLI.


[bookmark: _Toc104488388][bookmark: _Toc118577246]A.2	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.2-1: 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)
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)
· Indoor TRP to Outdoor UE: 
· Option 1:
· A.2.1.2 in TR36.843
· 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
· 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: 
· 3D 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.



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

	Large-scale channel parameters (NOTE 2)
	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 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.



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

	Large-scale channel parameters
	FR1:
· Option 1 (baseline): UE-to-UE: A.2.1.2 in TR36.843 (NOTE 1), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 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), 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 TR36.843 (NOTE 1)
· Option 2: 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 TR36.843 (NOTE 1)
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m)
· Penetration loss between UEs follows Table A.2.1-13 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 TR36.843 (NOTE 1). 
· Option 2:
· 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 TR36.843 (NOTE 1). 
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m).
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802

	Fast fading parameters
	FR1:
· Option 1 (baseline): UE-to-UE: A.2.1.2 in TR36.843 (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: 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 TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option2: 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: 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 TR36.843 (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 outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 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 TR36.843, and the penetration loss is derived according to Table A.2.1-13 in TR38.802.



[bookmark: _Toc118577247]A.3	Layout and UE distribution
Editor's note: This section captures the layout and UE distribution for SBFD and dynamic/flexible TDD evaluation.
[bookmark: _Toc118577248]A.3.1	Layout
Table A.3.1-1: 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
· 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
· 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
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer (see Figure A.3.1-1):
· 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

	2-layer Scenario B
	Two layer 
Editor's note: FFS.

	Macro-to-Macro: 500m
	Macro-to-UE: 35m 
Indoor TRP-to-UE: 10m
	1m
	25m for Macro cells and 3m for Indoor TRP




Figure A.3.1-1: Layout for dense urban (3 Micro TRPs per Macro TRP)
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.3.1-2.


Figure A.3.1-2: 0% and 100% grid shifts between two networks
[bookmark: _Toc118577249]A.3.2	UE distribution

Table A.3.2-1: UE distribution for SBFD and dynamic/flexible TDD evaluation
	
	
	UE distribution

	FR1
	Indoor office
	Editor's note: FFS.

	
	Urban Macro / Dense Urban Macro layer
	· Baseline: UE clustering
· M users per macro TRP per direction
· Step 1: Randomly drop X 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 the minimum distance between two UE cluster centers as Dinter-cluster 
· Baseline: M=20, X=2; Optional: M=10, X=1.
· Step 2: 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
· The UEs in the same cluster are in the same building. For case with M=20 and X=2, the UEs in different clusters are in different buildings.
· 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 both outdoor and indoor UEs.
· R = [25] m, Dmacro-to-cluster = 35m+R, Dinter-cluster = 2R m.
· Optional: 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 UEs: 1.5 m
· Indoor UEs: 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.
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	
	2-layer Scenario B
	Editor's note: FFS.

	FR2-1
	Indoor office
	Editor's note: FFS.

	
	Dense Urban Macro layer
	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 UEs: 1.5 m.
Optional: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h. 
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]

	
	Dense Urban Micro layer
	Editor's note: FFS.



[bookmark: _Ref117527057][bookmark: _Toc118577250]A.4	Performance metrics
Editor's note: This section captures the definition of performance metrics for SBFD and dynamic/flexible TDD evaluation.
[bookmark: _Toc118577251]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 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 of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
-	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 of a user: defined as the 50% UPT among all FTP packets intended for this user.
-	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: _Toc118577252]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:
-	Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
-	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:
-	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: _Toc118577253]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: _Toc118577254]A.5	gNB antenna configuration for SBFD
Editor's note: This section captures the gNB antenna configuration 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.
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(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)
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(f) SBFD antenna configuration Option-3 (Method 3-2)
[bookmark: _Ref117438244]Figure A.5-2: Illustration of antenna configuration of legacy TDD and SBFD
[bookmark: _Toc118577255]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.
· 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.



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

	General
	Editor's note: FFS.

	FTP packet size
	[bookmark: _Hlk118541321]Editor's note: FFS.

	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).



[bookmark: _Toc118577256]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 [Editor's note: FFS] of the channel bandwidth.
-	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
-	Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
-	Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
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: _Toc118577257]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 Table 10 in Report ITU-R M.2412
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 
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

	Channel Model
	Refer to Annex A.2

	Traffic model
	Refer to Annex A.6

	Layout
	Refer to Annex A.3.1

	UE distribution
	Refer to Annex A.3.2

	System bandwidth
	100MHz
	100MHz

	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
	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 

	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 100MHz. EIRP should not exceed 58 dBm.
	40 dBm for 100MHz
	30 dBm for 100MHz. EIRP should not exceed 68 dBm.

	BS transmit power for SBFD
	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 (Refer to Annex A.7)

	UE attachment
	Based on RSRP from port 0 
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.



[bookmark: _Ref117632023]Table B‑3: SLS assumptions specific to SBFD Deployment Case 3-2 (FR1)
	Parameters
	2-layer Scenario B

	BS transmit power for legacy TDD
	Editor's note: FFS.

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

	SBFD subband and slot configurations
	Editor's note: FFS.

	UE attachment
	Editor's note: FFS.



[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
	Editor's note: FFS.

	UE attachment
	Based on RSRP from port 0 
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.



[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 100MHz. EIRP should not exceed 58 dBm.
	40 dBm for 100MHz 

	UE attachment
	Based on RSRP from port 0 
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
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