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[bookmark: _Toc120549591]Introduction
[bookmark: _Hlk99027371]TSG RAN has setup a new SI on evolution of NR duplex operation at RAN#94-e in [1][2] with the following objectives:
[bookmark: _Hlk89819652]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: _Hlk89796625]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: _Hlk99028952]Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· [bookmark: _Hlk99029108]Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 
In this contribution, the issues on evaluation of NR duplex evolution will be discussed, including deployment scenarios, evaluation methodology and simulation assumptions.
Deployment scenarios
[bookmark: _Ref101384647]Subband non-overlapping full duplex (SBFD)
The following deployment scenarios were proposed during SI preparation phase in RAN#93/94 [3][4], but no consensus was achieved.
· Isolated, Indoor, Macro, Micro, Small cell, HetNet, IAB …
Firstly, one of the most challenging issues of SBFD is the self-interference (SI) cancellation/suppression. Considering the severity of the SI is closely related to the transmission power level of the gNB, we think the scenarios should cover base stations with different transmission power levels. Concretely, we think the following deployment scenarios can be considered. 
· Deployment scenarios
· Indoor hotspot scenario (e.g., low level of Tx power)
· Urban Micro scenario or Dense Urban scenario micro layer (e.g., medium level of Tx power, [200m] ISD)
· Urban Macro scenario (e.g., high level of Tx power, [500m] ISD)
Secondly, there are different cases considering the UL/DL subband configurations and coexistence with legacy TDD operation. Concretely, we think the following four cases can be taken into account.
· Interested cases for SBFD deployment
· Case A: All Cells with common UL/DL subband configuration
· Case B: Cells with different UL/DL subband configuration
· Case C: Coexistence with legacy TDD operation in co-channel
· Case D: Coexistence with legacy TDD operation in adjacent-channel 
The number of combinations of the deployment scenarios and interested cases as illustrated above will be large. Besides, we also need to consider FR1 and FR2 for the different combinations. It is not realistic and necessary to evaluate all the combinations, so we should consider some prioritization principles to make down-selection from the combinations of deployment scenarios and interested cases to reduce the simulation workload. We think the following three principles can be considered.
· Prioritize SBFD with common subband configuration
· Select one typical scenario for each coexistence case
· FR1 and FR2 can be discussed separately
Based on the above prioritization principles, the identification of the prioritizations for the combinations for evaluation is listed in Table 1. 
[bookmark: _Ref100320235]Table 1  Combinations of deployment scenarios and interested cases for evaluation.
	
	Case A: All Cells with common subband configuration
	Case B: Cells with different subband configuration
	Case C: Coexistence with legacy TDD operation in co-channel
	Case D: Coexistence with legacy TDD operation in adjacent-channel

	1. Indoor hotspot (low level of Tx power)
	HP (FR1, FR2)
	LP
	LP
	LP

	[bookmark: _Hlk101706745]2. Urban Micro or Dense Urban micro layer (medium level of Tx power)
	HP (FR1, FR2)
	LP
	LP
	LP

	3. Urban Macro (high level of Tx power)
	HP (FR1)
	LP
	HP (FR1)
	HP (FR1)



Based on the above discussion, we propose to focus on the following scenarios for SBFD evaluation.
· [bookmark: _Hlk101702329]Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration
· Scenario C3 (FR1): Urban Macro considering co-channel co-existence with legacy TDD operation
· Scenario D3 (FR1): Urban Macro considering adjacent-channel co-existence with legacy TDD operation

Proposal 1: Focus on the following scenarios for SBFD evaluation:
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration
· Scenario C3 (FR1): Urban Macro considering co-channel co-existence with legacy TDD operation
· Scenario D3 (FR1): Urban Macro considering adjacent-channel co-existence with legacy TDD operation

[bookmark: _Ref101389570]Dynamic/flexible TDD
[bookmark: _Hlk101705036]In Rel-14 NR SI, flexible TDD has been evaluated for indoor hotspot, urban macro and dense urban scenario. For these scenarios, we think we should not repeat the evaluation again, as the WID says “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”. From operator’s point of view, the mainly interested and realistic scenario for dynamic/flexible TDD deployment is to apply different TDD frame structures for outdoor macro network and indoor hotspot in the same frequency carrier to fit the different UL/DL traffic statistic ratios as shown in Figure 1, e.g., applying DL dominated TDD frame structure (e.g., DDDSU) in public network and UL dominated frame structure (e.g., DSUUU) in vertical network (e.g., factory).
In Rel-16, the specification was enhanced to handle UE-UE CLI, but there was no specification enhancement to handle gNB-gNB CLI, the most significant reason is that the gNB-gNB CLI can be suppressed based on implementation if gNBs are from the same vender. However, in HetNet scenario, it is highly probable that the macro gNBs and indoor gNBs are from different vendors, so specification support may be needed to handle the gNB-gNB CLI in this scenario.


[bookmark: _Ref100562718]Figure 1  HetNet scenario with different fixed TDD frame structures for Urban Macro and Indoor Hotspot.
[bookmark: _Hlk101703107]Thus, we propose to focus on the following scenario for dynamic/flexible TDD evaluation.
Proposal 2: Focus on the following scenario for dynamic/flexible TDD evaluation:
· HetNet scenario with Urban Macro using DL dominated fixed TDD frame structure and Indoor hotspot using UL dominated fixed TDD frame structure in FR1
· FFS: whether flexible TDD can be additionally considered for indoor hotspot
[bookmark: _Ref101987593]Organization of evaluation work
[bookmark: _Ref101173091]The main purpose of this study item is to evaluate the performance of SBFD and dynamic/flexible TDD, so it is important that companies’ simulators are well calibrated so that meaningful comparisons and conclusions can be conducted based on the evaluation results. Considering flexible duplex has already been heavily evaluated in Rel-14 NR SI, it is reasonable to assume that companies’ simulators have a good alignment regarding the flexible/dynamic TDD functionality. 
Regarding the evaluation of SBFD, more interference types need to be further taken into account, e.g., self-interference, gNB-gNB inter-subband CLI, UE-UE inter-subband CLI, gNB-gNB inter-operator (i.e. adjacent-channel) CLI, UE-UE inter-operator (i.e. adjacent-channel) CLI, so how to modelling these interference types should be discussed first so that companies can have a common understanding on this aspect. The modelling of these interference types may need RAN4’s input, so LS to RAN4 regarding this is necessary and should be sent to RAN4 as soon as possible (e.g., in the 1st or 2nd RAN1 meeting). RAN4 will start the study of this SI in August meeting and it is also expected that it will take several meetings (e.g., 2 or 3 meetings) by RAN4 to prepare the reply LS. If most companies think it is necessary to have a calibration phase to ensure companies’ simulators are well aligned especially regarding the interference modelling before we start the performance evaluation for SBFD, RAN1 needs to give a preliminary and simple interference modelling method based on what we have currently at least for the calibration purpose, and more precise interference modelling method for performance evaluation can be finalized after RAN1 gets RAN4’s reply LS.
Proposal 3: No calibration phase is needed for the evaluation of dynamic/flexible TDD.
Proposal 4: Regarding the evaluation work of SBFD, if majority think it is necessary to have a calibration phase before performance evaluation, the following can be considered:
· Phase-1: Conduct calibration based on RAN1’s assumption on the interference modelling for self-interference, gNB-gNB and UE-UE inter-subband CLI, gNB-gNB and UE-UE inter-operator (i.e. adjacent-channel) CLI.
· Phase-2: Conduct performance evaluation based on RAN4’s input on the interference modelling for self-interference, gNB-gNB and UE-UE inter-subband CLI, gNB-gNB and UE-UE inter-operator (i.e. adjacent-channel) CLI.
Interference modeling for SBFD
Interference types
As shown in Figure 2, there are self-interference (SI), co-channel inter-subband CLI, co-channel intra-subband CLI, and adjacent-channel CLI in SBFD network.
· SI
· ① Self-interference (SI) at gNB side: DL transmission in DL subband will cause self-interference to UL reception in UL subband at the gNB side.
· Co-channel inter-subband CLI, including
· ② Co-channel inter-cell gNB-gNB inter-subband CLI: DL transmission in DL subband of the aggressor gNB (e.g., gNB1) in a SBFD carrier will cause cross-link interference to UL reception in UL subband (different from the DL subband) of the victim gNB (e.g., gNB2) in the same SBFD carrier.
· ③ Co-channel intra-cell/inter-cell UE-UE inter-subband CLI: UL transmission in UL subband of the aggressor UE (e.g., UE1) in a SBFD carrier will cause cross-link interference to DL reception in DL subband (different from the UL subband) of the victim UE (e.g., UE2) in the same cell or neighbouring cell in the same SBFD carrier.
· Co-channel intra-subband CLI, including
· ④ Co-channel inter-cell gNB-gNB intra-subband CLI: DL transmission in a subband of the aggressor gNB (e.g., gNB3) in a SBFD carrier will cause cross-link interference to UL reception in the same subband of the victim gNB (e.g., gNB2) in the same SBFD carrier. This is the same as the gNB-gNB CLI in dynamic/flexible TDD case.
· ⑤ Co-channel inter-cell UE-UE intra-subband CLI: UL transmission in a subband of the aggressor UE (e.g., UE3) in a SBFD carrier will cause cross-link interference to DL reception in the same subband of the victim UE (e.g., UE2) in the same SBFD carrier. This is the same as the UE-UE CLI in dynamic/flexible TDD case.
· Adjacent-channel CLI, including
· ⑥ Adjacent-channel gNB-gNB CLI: DL transmission of the aggressor gNB (e.g., gNB4) in a legacy TDD carrier will cause cross-link interference to UL reception of the victim gNB (e.g., gNB2) in another adjacent SBFD carrier.
· ⑦ Adjacent-channel UE-UE CLI: UL transmission of the aggressor UE (e.g., UE2) in a SBFD carrier will cause cross-link interference to DL reception of the victim UE (e.g., UE4) in another adjacent legacy TDD carrier.



  
[bookmark: _Ref101346593]Figure 2  SI and CLI interference types in SBFD network.

Table 2 summarizes the interference types for different cases of SBFD deployment. 
[bookmark: _Ref101346610]Table 2  SI and CLI interference types in SBFD network.
	Interference types
	Case A: All Cells with common subband configuration
	Case B: Cells with different subband configuration
	Case C: Coexistence with legacy TDD operation in co-channel
	Case D: Coexistence with legacy TDD operation in adjacent-channel

	① Self-interference (SI)
	√
	√
	√
	√

	② Co-channel inter-cell gNB-gNB inter-subband CLI
	√
	√
	√
	√

	③ Co-channel intra-cell/inter-cell UE-UE inter-subband CLI
	√
	√
	√
	√

	④ Co-channel inter-cell gNB-gNB intra-subband CLI
	
	√
	√
	

	⑤ Co-channel inter-cell UE-UE intra-subband CLI
	
	√
	√
	

	⑥ Adjacent-channel gNB-gNB CLI
	
	
	
	√

	⑦ Adjacent-channel UE-UE CLI
	
	
	
	√



Observation 1: There are self-interference (SI), co-channel inter-subband CLI (including co-channel inter-cell gNB-gNB inter-subband CLI and co-channel intra-cell/inter-cell UE-UE inter-subband CLI), co-channel intra-subband CLI (including co-channel inter-cell gNB-gNB intra-subband CLI and co-channel inter-cell UE-UE intra-subband CLI), and adjacent-channel CLI (including adjacent-channel gNB-gNB CLI and adjacent-channel UE-UE CLI) in SBFD network.

Proposal 5: At least for RAN1’s discussion and evaluation for SBFD, define the following interference types:
· Self-interference (SI) at gNB side: Interference caused by DL transmission in DL subband in a SBFD carrier to UL reception in UL subband in the same carrier at the gNB side.
· Co-channel inter-cell gNB-gNB inter-subband CLI: CLI caused by DL transmission of the aggressor gNB in DL subband in a SBFD carrier to UL reception of the victim gNB in UL subband (different from the DL subband) in the same SBFD carrier.
· Co-channel intra-cell/inter-cell UE-UE inter-subband CLI: CLI caused by UL transmission of the aggressor UE in UL subband in a SBFD carrier to DL reception of the victim UE in DL subband (different from the UL subband) in the same cell or neighbouring cell in the same SBFD carrier.
· Co-channel inter-cell gNB-gNB intra-subband CLI: CLI caused by DL transmission of the aggressor gNB in a subband in one carrier to UL reception of the victim gNB in the same subband in the same carrier.
· Co-channel inter-cell UE-UE intra-subband CLI: CLI caused by UL transmission of the aggressor UE in a subband in one carrier to DL reception of the victim UE in the same subband in the same carrier. 
· Adjacent-channel gNB-gNB CLI: CLI caused by DL transmission of the aggressor gNB in a legacy TDD carrier to UL reception of the victim gNB in another adjacent SBFD carrier.
· Adjacent-channel UE-UE CLI: CLI caused by UL transmission of the aggressor UE in a SBFD carrier to DL reception of the victim UE in another adjacent legacy TDD carrier.

Interference Modelling
[bookmark: _Ref101956866]SBFD UL SINR modelling
For illustration, the SBFD UL SINR of subcarrier n in UL subband at cell  which is severing UE  can be denoted as

where,
·  is the received UL signal power in subcarrier  in UL subband from the target UE .
·  is the legacy UE-gNB interference in subcarrier  caused by UL transmission of another UE  in subcarrier  in co-channel.
·  is the SI in subcarrier  caused by DL transmission of itself in subcarriers in DL subbands. 
·  is the gNB-gNB CLI in subcarrier  caused by DL transmission of another cell  in subcarriers (different from the subcarrier n) in DL subbands in co-channel.
·  is the gNB-gNB CLI in subcarrier  caused by DL transmission of another cell  in subcarrier  in co-channel.
·  is the gNB-gNB CLI in subcarrier  caused by DL transmission of another cell  in subcarriers in adjacent channel.
·  is the legacy UE-gNB interference in subcarrier  caused by UL transmission of another UE  in subcarriers in adjacent channel.
· Note: the UE-gNB inter-subband interference in subcarrier  caused by UL transmission of other UEs in subcarriers (different from the subcarrier n) in UL subbands in co-channel is neglected for simplicity.

SI Modelling:
For calculating , self-interference ratio (SIR) can be introduced which can be defined as the ratio of the power transmitted by gNB on one frequency unit (e.g., one subband, or one RB, or one subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit in the same SBFD carrier. RAN4’s input on the value or value range of SIR is needed for RAN1’s evaluation. The SIR can be described in different granularities of the frequency unit, e.g., per subband, or per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide per-subcarrier-SIR value or value range.  can be calculated as below in simulation:


wherein,
·  is the average DL transmission power per subcarrier (in dBm).
·  and  are the Tx and Rx antenna element gain at gNB side (in dBi), respectively.
·  is the gNB’s per-subcarrier-SIR, as shown in Figure 3 (a), for modelling the self-interference ratio of the power transmitted in subcarrier m in the DL subband to the interference in subcarrier n in the UL subband.

gNB-gNB inter-subband CLI Modelling:
For calculating , gNB-gNB inter-subband interference ratio (ISIR) can be introduced which can be defined as the ratio of the power transmitted by the aggressor gNB on one frequency unit (e.g., one subband, or one RB, or one subcarrier) in a SBFD carrier to the total interference received by the victim gNB on a different frequency unit in the same SBFD carrier. RAN4’s input on the value or value range of gNB-gNB ISIR is needed for RAN1’s evaluation. The ISIR can be described in different granularities of the frequency unit, e.g., per subband, or per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide gNB-gNB per-subcarrier-ISIR value or value range. Large scale part of  can be calculated as below in simulation:


wherein,
·  is the coupling loss between the serving gNB  and interfering gNB  in co-channel, including pathloss, penetration loss, shadow fading and Tx/Rx antenna gain. Tx/Rx antenna gain may not be considered as part of coupling loss if they are considered in fast fading modelling in system level simulation.
·  is the gNB-gNB per-subcarrier-ISIR, as shown in Figure 3 (b), for modelling the inter-subband interference ratio of the power transmitted by the aggressor gNB in subcarrier m in the DL subband to the interference received by the victim gNB in subcarrier n in the UL subband.

Adjacent-channel gNB-gNB CLI Modelling:
For calculating , gNB-gNB adjacent-channel interference ratio (ACIR) can be applied. We understand that the gNB-gNB ACIR in TR38.828 is defined as the ratio of the power transmitted by the aggressor gNB on one carrier to the total interference received by the victim gNB on the adjacent carrier, i.e., the ACIR in TR38.828 is per-carrier-ACIR which is described with carrier granularity. For RAN1’s simulation purpose, it is preferred that RAN4 can provide gNB-gNB per-subcarrier-ACIR value or value range. The gNB-gNB per-subcarrier-ACIR can be defined as the ratio of the power transmitted by the aggressor gNB on one subcarrier in one carrier to the total interference received by the victim gNB on another subcarrier in the adjacent carrier.  can be calculated as below in simulation:



wherein,
·  is the coupling loss between the serving gNB  and interfering gNB  in adjacent channel, including pathloss, penetration loss, shadow fading and Tx/Rx antenna gain.
·  is the gNB-gNB per-subcarrier-ACIR, as shown in Figure 3 (d), for modelling the adjacent channel interference ratio of the power transmitted by the aggressor gNB on subcarrier m in one carrier to the interference received by the victim gNB on subcarrier n in the adjacent channel.



(a) gNB’s per sub-carrier-SIR 


   
(b) gNB-gNB per-subcarrier-ISIR  	 (c) UE-UE per-subcarrier-ISIR 


   
(d) gNB-gNB per-subcarrier-ACIR  			 (e) UE-UE per-subcarrier-ACIR 
[bookmark: _Ref101357483]Figure 3  Interference suppression capabilities.

SBFD DL SINR modelling
For illustration, the SBFD DL SINR of subcarrier n in DL subband at UE B severed by cell  can be denoted as

where,
·  is the received DL signal power in subcarrier  in DL subband from the serving cell .
·  is the legacy gNB-UE interference in subcarrier  caused by DL transmission of another cell  in subcarrier  in co-channel.
·  is the UE-UE CLI in subcarrier  caused by UL transmission of another UE  of intra-cell/inter-cell in subcarriers (different from the subcarrier n) in UL subband in co-channel.
·  is the UE-UE CLI in subcarrier  caused by UL transmission of another UE  of inter-cell in subcarrier  in co-channel.
·  is the UE-UE CLI in subcarrier  caused by UL transmission of another UE  in subcarriers in adjacent channel.
·  is the legacy gNB-UE interference in subcarrier  caused by DL transmission of another cell  in subcarriers in adjacent channel.
· Note: the gNB-UE inter-subband interference in subcarrier  caused by DL transmission of other gNBs in subcarriers (different from the subcarrier n) in co-channel is neglected for simplicity.

UE-UE inter-subband CLI Modelling:
For calculating , UE-UE inter-subband CLI ratio (ISIR) can be introduced which can be defined as the ratio of the power transmitted by the aggressor UE on one frequency unit (e.g., one subband, or one RB, or one subcarrier) in a SBFD carrier to the total interference received by the victim UE on a different frequency unit in the same SBFD carrier. RAN4’s input on the value or value range of UE-UE ISIR is needed for RAN1’s evaluation. The ISIR can be described in different granularities of the frequency unit, e.g., per subband, or per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide UE-UE per-subcarrier-ISIR value or value range. Large scale part of  can be calculated as below in simulation:



wherein,
·  is the average UL transmission power per subcarrier of UE  (in dBm).
·  is the coupling loss between the target UE  and interfering UE  of intra-cell/inter-cell in co-channel, including pathloss, penetration loss, shadow fading and Tx/Rx antenna gains.
·  is the UE-UE per-subcarrier-ISIR, as shown in Figure 3 (c), for modelling the inter-subband interference ratio of the power transmitted by aggressor UE in subcarrier m in the UL subband to the interference received by the victim UE in subcarrier n in the DL subband.

Adjacent-channel UE-UE CLI Modelling:
For calculating , UE-UE adjacent-channel interference ratio (ACIR) can be applied. We understand that the UE-UE ACIR in TR38.828 is defined as the ratio of the power transmitted by the aggressor UE on one carrier to the total interference received by the victim UE on the adjacent carrier, i.e., the ACIR in TR38.828 is per-carrier-ACIR which is described with carrier granularity. For RAN1’s simulation purpose, it is preferred that RAN4 can provide UE-UE per-subcarrier-ACIR value or value range. The UE-UE per-subcarrier-ACIR can be defined as the ratio of the power transmitted by the aggressor UE on one subcarrier in one carrier to the total interference received by the victim UE on another subcarrier in the adjacent carrier.  can be calculated as below in simulation:



wherein,
·  is the average UL transmission power per subcarrier of UE  in adjacent channel (in dBm).
·  is the coupling loss between the target UE  and interfering UE  in adjacent channel, including pathloss, penetration loss, shadow fading and Tx/Rx antenna gain.
·  is the UE-UE per-subcarrier-ACIR, as shown in Figure 3 (e), for modelling the adjacent channel interference ratio of the power transmitted by the aggressor UE on subcarrier m in one carrier to the interference received by the victim UE on subcarrier n in the adjacent channel.

Interference ratios for SBFD evaluation
Based on the above discussion, from RAN1 perspective, RAN4’s inputs on the following interference ratio values listed in Table 3 are needed for SBFD performance evaluation.
[bookmark: _Ref101360031]Table 3  Summary of interference ratio values for SBFD evaluation
	Interference types
	Interference ratios (RAN4’s input is needed on the value or value range)

	1 Self-interference (SI)
	[bookmark: _Hlk101796292]gNB’s self-interference ratio (SIR): The ratio of the power transmitted by gNB on one frequency unit (e.g., one subband, or one RB, or one subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit in the same SBFD carrier.
· is used to denote gNB’s per-subcarrier-SIR value.

	② Co-channel inter-cell gNB-gNB inter-subband CLI
	gNB-gNB inter-subband interference ratio (ISIR): The ratio of the power transmitted by the aggressor gNB on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim gNB on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
·  is used to denote gNB-gNB per-subcarrier-ISIR value.

	③ Co-channel intra-cell/inter-cell UE-UE inter-subband CLI
	UE-UE inter-subband CLI ratio (ISIR): The ratio of the power transmitted by the aggressor UE on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim UE on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
·  is used to denote UE-UE per-subcarrier-ISIR value.

	④ Co-channel inter-cell gNB-gNB intra-subband CLI
	

	⑤ Co-channel inter-cell UE-UE intra-subband CLI
	

	⑥ Adjacent-channel gNB-gNB CLI
	gNB-gNB ACIR: The ratio of the power transmitted by the aggressor gNB on one frequency unit (e.g., one subband/RB/subcarrier) in one carrier to the total interference received by the victim gNB on another frequency unit (e.g., another subband/RB/subcarrier) in the adjacent carrier.
·  is used to denote gNB-gNB per-subcarrier-ACIR value.

	⑦ Adjacent-channel UE-UE CLI
	UE-UE ACIR: The ratio of the power transmitted by the aggressor UE on one frequency unit (e.g., one subband/RB/subcarrier) in one carrier to the total interference received by the victim UE on another frequency unit (e.g., another subband/RB/subcarrier) in the adjacent carrier.
·  is used to denote UE-UE per-subcarrier-ACIR value.



Proposal 6: At least for RAN1’s discussion and evaluation for SBFD, consider the following for interference modelling:
· [bookmark: _Hlk101874283]Self-interference ratio (SIR): The ratio of the power transmitted by gNB on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· The SIR can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-SIR, , denoting the ratio of the power transmitted by gNB on subcarrier m to the interference received by the same gNB on a subcarrier n.
· [bookmark: _Hlk101875565]Inter-subband interference ratio (ISIR): The ratio of the power transmitted by the aggressor gNB/UE on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim gNB/UE on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: The ISIR can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-ISIR, , denoting the ratio of the power transmitted by the aggressor gNB/UE on subcarrier m to the interference received by the victim gNB/UE on a subcarrier n.
· Adjacent-channel interference ratio (ACIR): RAN1 understands the ACIR in TR38.828 is defined as the ratio of the power transmitted by the aggressor gNB/UE on one carrier to the total interference received by the victim gNB/UE on the adjacent carrier, i.e., the ACIR in TR38.828 is described per carrier. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of ACIR with finer granularity, e.g., the per-subcarrier-ACIR,  , denoting the ratio of the power transmitted by the aggressor gNB/UE on subcarrier m in one carrier to the interference received by the victim gNB/UE on another subcarrier n in the adjacent carrier.

Consideration on intra-site inter-subband CLI modelling 
Regarding the intra-site TRxP-TRxP inter-subband CLI, it is hard to model the channel between TRxPs in the same site since they may be close to each other, so it may be not proper to model the intra-site TRxP-TRxP inter-subband CLI in the same way as inter-site gNB-gNB inter-subband CLI. We think one simple way is to adopt similar method as self-interference modelling for intra-site TRxP-TRxP inter-subband CLI modelling, i.e., use the SIR value as the intra-site TRxP-TRxP ISIR value,

LS to RAN4 on values of interference ratios
Considering the values or value ranges of the interference ratios discussed above (SIR/ISIR/ACIR) are crucial for RAN1’s evaluation and RAN4’s inputs on these ratios are needed, so RAN1 needs to send an LS to RAN4 as soon as possible so that RAN1 can get RAN4 reply LS as soon as possible. We have the following proposal regarding the LS to RAN4.
Proposal 7: Include the following in the LS to RAN4:
· RAN1 would like to ask RAN4 about the values or value ranges of the following interference ratios used for SBFD evaluation.
1) gNB’s self-interference ratio (SIR)
· In RAN1’s understanding, SIR is defined as the ratio of the power transmitted by gNB on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: It is up to RAN4 to describe the SIR per subband, per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-SIR.
2) Inter-subband interference ratio (ISIR) including gNB-gNB ISIR and UE-UE ISIR
· In RAN1’s understanding, ISIR is defined as the ratio of the power transmitted by the aggressor gNB/UE on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim gNB/UE on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: It is up to RAN4 to describe the ISIR per subband, per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-ISIR.
3) Adjacent-channel interference ratio (ACIR) including gNB-gNB ACIR and UE-UE ACIR
· RAN1 understands the ACIR in TR38.828 is the ratio of the power transmitted by the aggressor gNB/UE on one carrier to the total interference received by the victim gNB/UE on the adjacent carrier, i.e., the ACIR in TR38.828 is described per carrier.
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of ACIR with finer granularity, e.g., the per-subcarrier-ACIR defined as the ratio of the power transmitted by the aggressor gNB/UE on one subcarrier in one carrier to the interference received by the victim gNB/UE on another subcarrier in the adjacent carrier.
· If values or value ranges of SIR/ISIR/ACIR provided by RAN4 are defined with a coarser granularity, e.g., per carrier/subband/RB, it is preferred that a method can be provided by RAN4 to derive the SIR/ISIR/ACIR values with finer granularity from the SIR/ISIR/ACIR values with coarser granularity.
· Note: At least for RAN1’s simulation purpose, the typical value of the bandwidth of the UL subband in subband non-overlapping full duplex is tens of MHz, e.g., 20MHz, 40MHz, 60MHz, etc…
· Note: It’s up to RAN4 to consider the antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression. From RAN1 perspective, it is preferred that the SIR value under the assumption of separate-Tx/Rx antenna architecture can be provided by RAN4 as well as the corresponding separate-Tx/Rx antenna configuration including the placement of the Tx antennas and Rx antennas in the horizontal/vertical domain.

[bookmark: _Ref101992118]RAN1’s assumptions on interference ratios for calibration
As discussed in section 3, RAN1 can first perform calibration based on RAN1’s assumption on the values or value ranges of ISR/ISIR/ACIR for modelling of self-interference, gNB-gNB and UE-UE inter-subband CLI, gNB-gNB and UE-UE inter-operator (i.e. adjacent-channel) CLI before RAN4’s reply to avoid the low efficiency of coordination between two WGs through LSs and the risk of uncontrollable RAN4 progress. After RAN1 gets the reply from RAN4, RAN1 can perform the performance evaluation or update the evaluation results which is a more efficient and workable way in this SI. 
For gNB-gNB ACIR and UE-UE ACIR, the ACIR value defined per carrier in TR 38.828 as illustrated in Table 4 can be used as the starting point at least for RAN1 Phase-1 calibration. The per-subcarrier-ACIR value can be converted from the per-carrier-ACIR value defined in TR 38.828 using a scaling factor to take into account the bandwidth difference between a subcarrier and a carrier.
[bookmark: _Ref101987650]Table 4  ACIR following TR 38.828
	
	FR1
	FR2

	ACIR BS-BS: 
	43 dB
	22.2 dB

	ACIR UE-UE: 
	28 dB
	16.0 dB


Take gNB-gNB ACIR as an example, as shown in Figure 4, for simplicity and calibration propose, if we assume the per-subcarrier-ACIR does not changed with m and n (e.g., ), and the carrier-carrier interference is denoted as
,
then the subcarrier-subcarrier interference can be denoted as
.
Thus,

For instance, considering the BS-BS per-carrier-ACIR value  for FR1 in TR38.828 is defined based on 100MHz channel bandwidth and 30kHz SCS, so the scaling factor for FR1 can be calculated as




(a) carrier-carrier interference 


(b) carrier-subcarrier interference 


(c) subcarrier-subcarrier interference 
Figure 4  Scaling from per-carrier-ACIR to per-subcarrier-ACIR

Based on the above discussion, we can use the following as RAN1’s assumption for ACIR at least for calibration (if needed).
· gNB-gNB per-subcarrier-ACIR:

· UE-UE per-subcarrier-ACIR:


For gNB-gNB ISIR and UE-UE ISIR, for simplicity, the per-carrier-ACIR value defined in TR 38.828 can also be reused as the starting point at least for RAN1 Phase-1 calibration.
· gNB-gNB per-subcarrier-ISIR:

· UE-UE per-subcarrier-ISIR:


For SIR, we can assume one conservative value and one advanced value as below for per subcarrier SIR.
· Conservative value for SIR:
· Assume 60dB for antenna/RF isolation, reuse the gNB-gNB per-carrier-ACIR value defined in TR 38.828 for deriving the frequency isolation value due to non-overlapped DL subband and UL subband, no digital SI cancellation is considered.

· Advanced value for SIR: 
· Assume 70dB for antenna/RF isolation, reuse the gNB-gNB per-carrier-ACIR value defined in TR 38.828 for deriving the frequency isolation value due to non-overlapped DL subband and UL subband, and assume 15dB for advanced digital SI cancellation.


Based on the above discussion, RAN1 assumptions on interference ratios for Phase-1 calibration can be found in Table 5.
[bookmark: _Ref101371807]Table 5  RAN1 assumptions on interference ratios for Phase-1 calibration
	
	FR1
	FR2

	Scaling factor
	dB(273 * 12) for 100MHz channel bandwidth with 30kHz SCS
	dB(264*12) for 200MHz channel bandwidth with 60kHz SCS

	gNB’s per-subcarrier-SIR:  
	Option 1: 138 dB 
Option 2: 163 dB 
	Option 1: 117 dB 
Option 2: 142 dB 

	gNB-gNB per-subcarrier-ISIR: 
	78 dB
	57 dB

	UE-UE per-subcarrier-ISIR: 
	63 dB
	51 dB

	gNB-gNB per-subcarrier-ACIR: 
	78 dB
	57 dB

	UE-UE per-subcarrier-ACIR: 
	63 dB
	51 dB



Proposal 8: Take the values of interference ratios in Table 5 as the assumption for RAN1 calibration for SBFD evaluation.

Evaluation methodology and simulation assumptions for SBFD
General assumptions for SBFD evaluation
[bookmark: _Ref101388793]UL/DL Subband configuration
As discussed in our company’s contribution [8], two UL/DL subband configurations can be considered as shown in Figure 5, i.e.,
· SBFD configuration#1: DXXXU, with one UL subband between two DL subbands in slot X.
· SBFD configuration#2: DXXXU, with one DL subband and one UL subband in slot X.


  
(a) SFBD configuration#1									(b) SFBD configuration#2
[bookmark: _Ref101378209]Figure 5  Potential SFBD configuration patterns.
Observation 2: Two SBFD configuration can be considered, i.e.,
· SBFD configuration#1: DXXXU, with one UL subband between two DL subbands in slot X.
· SBFD configuration#2: DXXXU, with one DL subband and one UL subband in slot X.

For Phase-1 calibration, UL/DL subband configuration#1 as well as the resource allocation pattern in slot X as shown in Table 6 can be considered.
[bookmark: _Ref101378760]Table 6  Resource allocation in slot X in SFBD configuration#1 for Phase-1 calibration.
	
	FR1
	FR2

	Simulation bandwidth
	100MHz
	200MHz

	SCS
	30kHz
	60kHz

	The maximum transmission bandwidth configuration NRB
	273 [TS 38.101]
	264 [TS 38.101]

	Top/bottom DL subband BW in RB (x/2)
	107
Note: equal to 38.52MHz
	103
Note: equal to 74.16MHz

	Centre UL subband BW in RB (y)
	53
Note: equal to 19.08MHz
	52
Note: equal to 37.44MHz

	Guard band BW at one side in RB (z)
	3
Note: equal to 1.08MHz
	3
Note: equal to 2.16MHz



Proposal 9: SFBD configuration#1 as well as the resource allocation pattern in slot X as following can be used for Phase-1 calibration.
· Top/bottom DL subband BW in RB (x/2): 107 RB for FR1 and 103 RB for FR2.
· Centre UL subband BW in RB (y): 53 RB for FR1 and 52 RB for FR2.
· Guard band BW at one side in RB (z): 3 RB for both FR1 and FR2.

[bookmark: _Ref101256143]Channel model
TRxP-TRxP channel model:
To evaluate inter-cell gNB-gNB CLI (including co-channel inter-subband CLI, co-channel intra-subband CLI and adjacent-channel CLI), TRxP-TRxP channel model needs to be determined. To align with TR 38.802, the following are proposed:
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 [7] as the channel model for TRxP-TRxP by setting .
· In scenarios A2, reuse the channel model for UMi-Street Canyon in TR 38.901 as the channel model for TRxP-TRxP by setting .
· In scenarios A3/C3/D3, reuse the channel model for UMa in TR 38.901 as the channel model for TRxP-TRxP by setting .

Proposal 10: For TRxP-TRxP channel model:
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 as the channel model for TRxP-TRxP by setting .
· In scenarios A2, reuse the channel model for UMi-Street Canyon in TR 38.901 as the channel model for TRxP-TRxP by setting .
· In scenarios A3/C3/D3, reuse the channel model for UMa in TR 38.901 as the channel model for TRxP-TRxP by setting .

UE-UE channel mode:
To evaluate intra-cell/inter-cell UE-UE CLI (including co-channel inter-subband CLI, co-channel intra-subband CLI and adjacent-channel CLI), UE-UE channel model needs to be determined. The following options can be considered:
· Opt 1: Reuse the channel model for gNB-UE in TR 38.901 as the channel model for UE-UE by setting ., e.g., 
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 as the channel model for UE-UE by setting .
· In scenario A2/A3/C3/D3, reuse the channel model for UMi-Street canyon in TR 38.901 as the channel model for UE-UE by setting .
· Opt 2: Reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802, as shown in Table 7.

[bookmark: _Ref101184143]Table 7  UE-UE channel model for flexible duplex evaluation in TR 38.802.
	
	Dense urban/Urban macro
	Indoor hotspot

	
	Below 6GHz
	Above 6GHz
	Below 6GHz
	Above 6GHz

	Large-scale channel parameters
	A.2.1.2 in TR36.843, penetration loss between UEs follows Table A.2.1-13 in TR38.802
	UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802
	A.2.1.2 in TR36.843
	5GCM Indoor-office (h_BS=1.5m)

	Fast fading parameters
	InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA.
	UMi-Street canyon; ASD and ZSD statistics updated to be the same as ASA and ZSA.
	A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
	5GCM Indoor-office (h_BS=1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA



Considering that Opt 1 adopts a unified channel model for both FR1 and FR2, while Opt 2 adopts different channel models for FR1 and FR2, and the channel model for FR2 in Opt 2 is the same as Opt 1, so we prefer Opt 1 for simplify.
Proposal 11: For UE-UE channel mode, Opt 1 of the following options can be used:
· Opt 1: Reuse the channel model for gNB-UE in TR 38.901 as the channel model for UE-UE by setting ., e.g., 
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 as the channel model for UE-UE by setting .
· In scenario A2/A3/C3/D3, reuse the channel model for UMi-Street canyon in TR 38.901 as the channel model for UE-UE by setting .
· Opt 2: Reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802.

Furthermore, considering the minimum distance between UE-UE (e.g., 3m) may be much smaller than gNB-UE (e.g., 10m), the pathloss model for UMi-Street canyon in Table 7.4.1-1 in TR 38.901 may need minor update to extend the applicability range from  to , as shown in Table 8.
[bookmark: _Ref101187412]Table 8  Applicability range extension for pathloss model for UMi-Street canyon.
	
	Pathloss model for UMi-Street canyon in TR 38.901
	Applicability range extension

	LOS
	, see note 1





	, see note 1






	NLOS
	

for 



	

for 






Proposal 12: For UE-UE channel model, the applicability range of the pathloss model for UMi-Street canyon in Table 7.4.1-1 in TR 38.901 is extended from  to , e.g., X = [3].

Considering the complexity of modelling fast fading for UE-UE channel and most performance impact can be reflected by only modelling the large scale fading, we think at least for Phase-1 calibration only large scale fading of UE-UE channel model needs to be considered.
Proposal 13: At least for calibration, only large-scale fading needs to be modelled for UE-UE channel.

In summary, the channel model assumption for SBFD evaluation in various scenarios are summarized in Table 9.
[bookmark: _Ref101189616]Table 9  Channel model assumption for SBFD evaluation.
	
	TRxP-UE
	TRxP-TRxP
	UE-UE

	Scenario A1 in FR1
	reuse Indoor-Office (Open office) large-scale and fast fading channel model in TR 38.901
	reuse Indoor-Office (Open office) large-scale and fast fading channel model in TR 38.901, setting 
	Opt 1 (baseline): reuse Indoor-Office (Open office) large-scale channel model in TR 38.901, setting 

Opt 2 (optional): reuse large-scale channel model in TR 38.802

	Scenario A1 in FR2
	
	
	reuse Indoor-Office (Open office) large-scale channel model in TR 38.901, setting 

	Scenario A2 in FR1
	reuse UMi-Street Canyon large-scale and fast fading channel model in TR 38.901
	reuse UMi-Street Canyon large-scale and fast fading channel model in TR 38.901, setting 
	Opt 1 (baseline): reuse UMi-Street Canyon large-scale channel model in TR 38.901, setting , and extend the applicability range from  to 

Opt 2 (optional): reuse large-scale channel model in TR 38.802

	Scenario A2 in FR2
	
	
	reuse UMi-Street Canyon large-scale channel model in TR 38.901, setting , and extend the applicability range from  to 

	Scenario A3/C3/D3 in FR1
	reuse UMa large-scale and fast fading channel model in TR 38.901
	reuse UMa large-scale and fast fading channel model in TR 38.901, setting 
	Opt 1 (baseline): reuse UMi-Street Canyon large-scale channel model in TR 38.901, setting , and extend the applicability range from  to 

Opt 2 (optional): reuse large-scale channel model in TR 38.802



In addition, the penetration loss between UEs in scenarios A2/A3/C3/D3 can follows Table A.2.1-13 and A.2.1-12 in TR 38.802 for FR1 and FR2 respectively.
Proposal 14: In scenarios A2/A3/C3/D3, the penetration loss between UEs can follows Table A.2.1-13 and A.2.1-12 in TR 38.802 for FR1 and FR2 respectively.

[bookmark: _Ref101384236]Antenna configuration
The antenna architecture of gNB has great impact on gNB’s self-interference suppression capability, although it’s up to RAN4 to consider the antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression, we think RAN1 also needs to discuss the applicable antenna architectures for simulation. Generally, there are two possible antenna architectures. One is the shared-Tx/Rx antenna architecture which is usually used for legacy TDD operation, and the other is the separate-Tx/Rx antenna architecture which is more suitable for SBFD.

Separate-Tx/Rx antenna architecture:
As shown in Figure 6, on top of cross-polarized panel array antenna model as defined in Figure 7.3-1 in TR 38.901, the separate-Tx/Rx antenna can be defined with the following parameters:
· Legacy parameters: , , , 
· New parameters: 
wherein,
· There are one Tx antenna array and one Rx antenna array spaced in the horizontal direction with a spacing of  and in the vertical direction with a spacing of .
· For each Tx/Rx antenna array, it is modelled by a uniform rectangular panel array, comprising  panels, as illustrated in Figure 7.3-1 in TR 38.901 with  being the number of panels in a column and  being the number of panels in a row. The panels have the following characteristics:
· 	Antenna panels are uniformly spaced in the horizontal direction with a spacing of  and in the vertical direction with a spacing of .
· For each antenna panel, antenna elements are placed in the vertical and horizontal direction, where  is the number of columns,  is the number of antenna elements with the same polarization in each column. 
· The antenna elements are uniformly spaced in the horizontal direction with a spacing of  and in the vertical direction with a spacing of . 
· The antenna panel is either single polarized ( =1) or dual polarized ( =2).
· Each antenna panel is comprised of  TXRUs with  being the number of TXRUs in a column and  being the number of TXRUs in a row.


[bookmark: _Ref100236412]Figure 6  Separate-Tx/Rx antenna model.
Proposal 15: The separate-Tx/Rx antenna architecture can be described with the following parameters:
· Legacy parameters: , , , 
· New parameters: 
wherein, there are one Tx antenna array and one Rx antenna array spaced in the horizontal direction with a spacing of  and in the vertical direction with a spacing of .

As shown in Figure 7 (a), for the shared-Tx/Rx antenna architecture in legacy TDD, all the antenna elements can be either connected to Tx RFFE (RF front end) or to Rx RFFE by switching. For SBFD with separate-Tx/Rx antenna architecture, two options of the connection between Tx/Rx RFFE and the antenna array can be considered.
· Candidate 1: Fixed connection. As shown in Figure 7 (b), Tx RFFE (including DAC and PA) always connected to the Tx antenna array, and Rx RFFE (including LNA and ADC) always connected to the Rx antenna array.
· Pros: Simple.
· Cons: Loss of UL/DL channel reciprocity, since it is hard to perform accurate estimation of DL channel associated with TX antenna array via the SRS reception associated with a different Rx antenna array.
· Candidate 2: Switched connection. As shown in Figure 7 (c), the left half of antenna array can be either connected to Tx RFFE or to Rx RFFE by switching, similar as the shared-Tx/Rx antenna architecture in legacy TDD. On top of that, a separate Rx antenna array (the right half part) is added which can only be connected to Rx RFFE. With this antenna architecture, for DL transmission in DL only slots and SBFD slots, the Tx RFFE is connected to the left half of antenna array, and for UL reception in UL only slots, the Rx RFFE is also connected to the left half of the antenna array, while for UL reception in SBFD slots, the Rx RFFE is connected to the right half of the antenna array.
· Pros:
· UL/DL channel reciprocity can be maintained. Note that, the Tx RFFE and the Rx RFFE connect to the same part of antenna array (i.e., the left half of antenna array) in TDM mode, thus, the SRS reception at the Rx RFFE in UL only slot can be used to accurately estimate the DL channel in DL slot or SBFD slots.



[bookmark: _Hlk101950628](a) shared-Tx/Rx antenna architecture


(b) Candidate 1 of separate-Tx/Rx antenna architecture: fixed connection


(c) Candidate 2 of separate-Tx/Rx antenna architecture: switched connection
[bookmark: _Ref101901853]Figure 7  Tx/Rx antenna architecture 
Based on the above discussion, the switched connection option is preferred for separate-Tx/Rx antenna architecture.
Proposal 16: For separate-Tx/Rx antenna architecture, switched connection between Tx/Rx RFFE and antenna array is preferred, as illustrated in Figure 7 (c), i.e.,
· In DL slot, the Tx RFFE connects to the 1st half of antenna array.
· In SBFD slot, the Tx RFFE connects to the 1st half of antenna array, and the Rx RFFE connects to the 2nd part of antenna array.
· In UL only slot, the Rx RFFE connects to the 1st half of antenna array.

That is to say, if we assume the number of TXRUs are kept the same between shared-Tx/Rx antenna architecture and separate-Tx/Rx antenna architecture, the mainly difference is that the number of the antenna elements of the separate-Tx/Rx antenna architecture will be two times of that of the shared-Tx/Rx antenna architecture.
Regarding the antenna number of separate-Tx/Rx antenna used for SBFD and shared-Tx/Rx antenna used for legacy TDD, the following two options can generally be considered:
· Opt 1: The total number of antenna elements of separate-Tx/Rx antenna for SBFD is the same as the total number of antenna elements of shared-Tx/Rx antenna for legacy TDD.
· For this option, based on the separate-Tx/Rx antenna architecture we discussed above, the number of TXRUs of separate-Tx/Rx antenna for SBFD will be half of the number of TXRUs of shared-Tx/Rx antenna for legacy TDD.
· Opt 2: The total number of antenna elements of separate-Tx/Rx antenna for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna for legacy TDD.
· For this option, based on the separate-Tx/Rx antenna architecture we discussed above, the number of TXRUs of separate-Tx/Rx antenna for SBFD will be the same as the number of TXRUs of shared-Tx/Rx antenna for legacy TDD.
Based on the discussion, option 2 is preferred to keep the number of TXRUs unchanged. Although option 2 means that the size of the antenna for SBFD will be roughly two times of the size of the antenna for legacy TDD, we can take this as one disadvantage when adopting SBFD in reality.
Proposal 17: For evaluation and comparison between SBFD and legacy TDD, separate-Tx/Rx antenna architecture is assumed for SBFD, and the total number of antenna elements of separate-Tx/Rx antenna assumed for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna assumed for legacy TDD.

Table 10 summarises the shared-Tx/Rx antenna configurations for legacy TDD, while, Table 11 summarises the separate-Tx/Rx antenna configuration for SBFD.
[bookmark: _Ref100321652]Table 10  The shared-Tx/Rx antenna configuration for legacy TDD.
	Scenarios
	Antenna configuration at TRxP

	Scenario A1 in FR1 (4 GHz)
	(M,N,P,Mg,Ng;Mp,Np) = (2,1,2,1,1;2,1), (dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization

	Scenario A1 in FR2 (30 GHz)
	(M,N,P,Mg,Ng;Mp,Np) = (4,8,2,1,1;2,2), (dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization 

	Scenario A2 in FR1 (4 GHz)
	(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization 

	Scenario A2 in FR2 (30 GHz)
	(M,N,P,Mg,Ng;Mp,Np) = (4,8,2,2,2;2,8), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
+45°, -45° polarization 

	Scenario A3/C3/D3 in FR1 (4 GHz)
	(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;4,8), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization



[bookmark: _Ref101382391]Table 11  The separate-Tx/Rx antenna configuration for SBFD for Phase-1 calibration.
	
	Number of antenna elements per TRxP

	Scenario A1 in FR1 (4 GHz)
	(da,H, da,V) = (N/A, [5]) λ
(Note: λ corresponds to 7.5cm)

For each Tx/Rx antenna:
(M,N,P,Mg,Ng;Mp,Np) = (2,1,2,1,1;2,1), (dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization

	Scenario A1 in FR2 (30 GHz)
	(da,H, da,V) = (N/A, [32]) λ
(Note: λ corresponds to 1cm)

For each Tx/Rx antenna:
(M,N,P,Mg,Ng;Mp,Np) = (4,8,2,1,1;2,2), (dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization 

	Scenario A2 in FR1 (4 GHz)
	(da,H, da,V) = (N/A, [10.4]) λ
(Note: λ corresponds to 7.5cm)

For each Tx/Rx antenna:
(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization 

	Scenario A2 in FR2 (30 GHz)
	(da,H, da,V) = (N/A, [34]) λ
(Note: λ corresponds to 1cm)

For each Tx/Rx antenna:
(M,N,P,Mg,Ng;Mp,Np) = (4,8,2,2,2;2,8), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
+45°, -45° polarization 

	Scenario A3/C3/D3 in FR1 (4 GHz)
	(da,H, da,V) = (N/A, [10.4]) λ
(Note: λ corresponds to 7.5cm)

For each Tx/Rx antenna:
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;4,8), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization



Proposal 18: Use the shared-Tx/Rx antenna configurations in Table 10 for evaluation of legacy TDD operation.
Proposal 19: Use the separate-Tx/Rx antenna configurations in Table 11 for evaluation of SBFD.

[bookmark: _Ref101384011]DL transmission power
Regarding the DL transmission power of SBFD and legacy TDD, the following two options can be considered:
· Opt 1: The DL power spectrum density is kept unchanged over DL only slots and SBFD slots, as shown in Figure 8 (a).
· Opt 2: The DL power spectrum density can be boosted in SBFD slots compared to that in DL only slots, as shown in Figure 8 (b).


  
(a) Opt 1: Constant DL power spectrum density 	(b) Opt 2: Boosted DL power spectrum density in SBFD slots
[bookmark: _Ref101210423]Figure 8  Consideration on DL transmission power.
Proposal 20: For DL transmission power, the following options can be considered for SBFD.
· Opt 1: The DL power spectrum density is kept unchanged over DL only slots and SBFD slots.
· Opt 2: The DL power spectrum density can be boosted in SBFD slots compared to that in DL only slots.

One of the above two options can be chosen for Phase-1 calibration. For simplification, Option 1 can be used for Phase-1 calibration.
Proposal 21: Option 1 for DL transmission power can be used for calibration of SBFD.
· Opt 1: The DL power spectrum density is kept unchanged over DL only slots and SBFD slots.

[bookmark: _Ref101172004][bookmark: _Ref101213910]Detailed assumptions for Phase-1 calibration
Scenarios for phase-1 calibration
Compared with the coexistence scenarios (e.g., scenario C3/D3), the following scenarios with common UL/DL subband configuration (e.g., scenario A1/A2/A3) can be prioritized for SBFD calibration to verify the new interference types, including self-interference, inter-subband CLI and intra-subband CLI.
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Dense Urban – single layer (200m ISD) with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro (500m ISD) with common UL/DL subband configuration

Proposal 22: One or multiple of the following scenarios can be considered for SBFD calibration:
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration

Metrics for phase-1 calibration
The following legacy metrics and new metrics can be considered for SBFD phase-1 calibration, i.e., 
· Legacy metrics, including
· Metric 1: CDF of coupling loss (serving cell) from port 0
· Metric 2: CDF of DL wideband SINR considering legacy gNB-UE interference only
· New metrics, including
· Metric 3: CDF of SBFD DL SINR before receiver considering legacy gNB-UE interference and co-channel UE-UE inter-subband CLI
· Metric 4: CDF of legacy UL SINR before receiver considering legacy UE-gNB interference only
· Metric 5: CDF of SBFD UL SINR before receiver considering legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI 

Proposal 23: One or multiple of the following metrics can be used for Phase-1 calibration
· Metric 1: CDF of coupling loss (serving cell) from port 0
· Metric 2: CDF of DL wideband SINR considering legacy gNB-UE interference only
· Metric 3: CDF of SBFD DL SINR before receiver considering legacy gNB-UE interference and co-channel UE-UE inter-subband CLI
· Metric 4: CDF of legacy UL SINR before receiver considering legacy UE-gNB interference only
· Metric 5: CDF of SBFD UL SINR before receiver considering legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI
· FFS: definition of the above metrics

Definition of metric 1: coupling loss (serving cell) from port 0
The coupling loss (CL) from the antenna port 0 of gNB  to the antenna port 0 of UE  (metric 1) is expressed as

where, 
·  is defined in equation (A.1) in Annex A.
· The complex weight vector  (used to form one Tx antenna port at gNB ) and  (used to form one Rx antenna port at UE ) is selected corresponding to the best analog beam pair of gNB  and UE .
Definition of metric 2: DL wideband SINR considering legacy gNB-UE interference only
Considering the legacy gNB-UE interference only, the DL wideband SINR of UE B with severing cell gNB  (metric 2) is expressed as

where,
·  is expressed as average received signal power

wherein, 
·  is the average DL transmission power per subcarrier.
· The complex weight vector  (used to form one Tx antenna port at gNB ) and  (used to form one Rx antenna port at UE ) are selected corresponding to the best analog beam pair between gNB  and UE .
·  is the antenna port number of gNB and  is the antenna port number of UE.

· The legacy gNB-UE interference  is expressed as

wherein, 
· The complex weight vector  (used to form one Tx antenna port at gNB ) is randomly selected.
Definition of Metric 3: SBFD DL SINR before receiver considering legacy gNB-UE interference and co-channel UE-UE inter-subband CLI
Considering the legacy gNB-UE interference and co-channel UE-UE inter-subband CLI, the SBFD DL SINR before receiver of UE B with severing cell gNB  in subcarrier n (metric 3) is expressed as

where,
· The average DL received signal power  is expressed as

wherein,
·  is the average DL transmission power per subcarrier.
· The complex weight vector  (used to form one Tx antenna port at gNB ) and  (used to form one Rx antenna port at UE ) are selected corresponding to the best analog beam pair between gNB  and UE .
·  is the antenna port number of gNB and  is the antenna port number of UE.

· The legacy gNB-UE interference  is expressed as

wherein, 
· The complex weight vector  (used to form one Tx antenna port at gNB ) is randomly selected.

· The Co-channel UE-UE inter-subband CLI is expressed as

where, 
·  is the average UL transmission power per subcarrier of UE .
·  is the subcarrier index in the UL subband.
· The complex weight vector  (used to form one Tx antenna port at UE ) is selected as the best Tx analog beam of UE  associated with its serving cell.
·  is the UE-UE per-subcarrier-ISIR.

Note: At least for calibration purpose, assume  is unchanged over all subcarrier m and n, i.e., 

In this case, can be simply calculated as

where,
·  is the total scheduled UL subcarrier numbers of UE .
Note: A demonstrated calculation procedure pseudocode for metric 3 is shown in Table 13 in Annex B.
Definition of metric 4: legacy UL SINR before receiver considering legacy UE-gNB interference only
Considering the legacy UE-gNB interference only, the legacy UL SINR before receiver at gNB A while severing UE  in subcarrier n (metric 4) is expressed as

where,
· The average UL received signal power  is expressed as

wherein,
·  is the average UE transmission power per subcarrier of UE .
· The complex weight vector  (used to form one Tx antenna port at gNB ) and  (used to form one Rx antenna port at UE ) are selected corresponding to the best analog beam pair between gNB  and UE .
·  is the antenna port number of gNB and  is the antenna port number of UE.

· The legacy UE-gNB interference  is expressed as

wherein,
·  is the average UL transmission power per subcarrier of UE .
· The complex weight vector  (used to form one Tx antenna port at UE ) is selected as the best Tx analog beam of UE  associated with its serving cell.
Definition of metric 5: SBFD UL SINR before receiver considering legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI
Considering the legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI, the SBFD UL SINR before receiver at gNB A while severing UE  in RB n (metric 5) is expressed as

where,
· The average UL received signal power  is expressed as

wherein,
·  is the average UE transmission power per subcarrier of UE .
· The complex weight vector  (used to form one Tx antenna port at gNB ) and  (used to form one Rx antenna port at UE ) are selected corresponding to the best analog beam pair between gNB  and UE .

· The legacy UE-gNB interference  is expressed as

wherein,
·  is the average UL transmission power per subcarrier of UE .
· The complex weight vector  (used to form one Tx antenna port at UE ) is selected as the best Tx analog beam of UE  associated with its serving cell.
·  is the antenna port number of gNB and  is the antenna port number of UE.

· The self-interference  is expressed as

wherein,
·  is the average DL transmission power per RB.
·  and  are the Tx and Rx antenna element gain at gNB side, respectively.
·  is the gNB’s per-subcarrier-SIR.

Note: At least for calibration purpose, assume  is unchanged over all subcarrier m and n, i.e., 

In this case,  can be simply calculated as

where,
·  is the total DL subcarrier numbers at gNB side.

· The co-channel gNB-gNB inter-subband CLI  is expressed as

wherein, 
· The complex weight vector  (used to form one Tx antenna port at gNB ) is randomly selected.
·  is the gNB-gNB per-subcarrier-ISIR.

Note: At least for calibration purpose, assume  is unchanged over all subcarrier m and n, i.e., 

In this case,  can be simply calculated as

where,
·  is the total DL subcarrier numbers at gNB side.

Note: A demonstrated calculation procedure pseudocode is shown in Table 14 in Annex B.


Scenario specific parameters for Phase-1 calibration
[bookmark: _Ref101217442]Table 12  Scenario specific parameters for Phase-1 calibration 
	
	Scenario A1 (FR1)
	Scenario A1 (FR2)
	Scenario A2 (FR1)
	Scenario A2 (FR2)
	Scenario A3 (FR1)

	Layout
	Indoor floor: (12BSs per 120m x 50m)
	Indoor floor: (12BSs per 120m x 50m)
	Hexagonal grid, 19 macro sites
	Hexagonal grid, 19 macro sites
	Hexagonal grid, 19 macro sites

	Carrier frequency for evaluation
	4 GHz
	30 GHz
	4 GHz
	30 GHz
	4 GHz

	BS antenna height
	3 m
	3 m
	25 m
	25 m
	25 m

	Simulation bandwidth
	100 MHz
	200 MHz
	100 MHz
	200 MHz
	100 MHz

	Subcarrier spacing
	30 kHz
	60 kHz
	30 kHz
	60 kHz
	30 kHz

	Transmit power per subcarrier at TRxP
	Baseline: -11.2 dBm every subcarrier
(Note: corresponding to 24dBm@100MHz [TR38.828] )

Optional: -5.2 dBm every subcarrier
(Note: corresponding to 30dBm @100MHz)
	Baseline: -12 dBm every subcarrier
(NOTE: corresponding to 23dBm@200MHz [TR38.828] )
	Baseline: 3.8 dBm every subcarrier
(Note: corresponding to 39dBm@100MHz)
	Baseline: -2 dBm every subcarrier
(NOTE: corresponding to 33dBm@200MHz)
	Baseline: 13.8 dBm every subcarrier
(Note: corresponding to 49dBm@100MHz)

	Inter-site distance
	20m
	20 m
	200m
	200 m
	500m

	Minimum distance of TRxP and UE (2D)
	0m
	0m
	35m [38.802]
	35m [38.802]
	35m [38.802]

	Minimum distance of UE and UE (2D)
	3m
	3m
	3m
	3m
	3m

	Antenna configuration at TRxP
	See Table 11 in section 5.1.3

	Antenna configuration at UE
	4Tx/Rx, (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ
0°,90° polarization
	32Tx/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. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2),

(dH,dV) = (0.5, N/A)λ

0°,90° polarization
	32Tx/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. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2),

(dH,dV) = (0.5, N/A)λ

0°,90° polarization

	Device deployment
	100% indoor
Randomly and uniformly distributed over the area
	100% indoor
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area
	20% indoor, 80% outdoor (in car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h
	3 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	10dB [TR 38.828]
	5 dB
	10dB [TR 38.828]
	5 dB

	UE noise figure
	9 dB [TR 38.828]
	10dB [TR 38.828]
	9 dB [TR 38.802]
	10dB [TR 38.828]
	9 dB [TR 38.802]

	BS antenna element gain
	5dBi [RP-180524]
	5dBi
	8dBi [RP-180524]
	8dBi
	8dBi [RP-180524]

	BS antenna element pattern
	See Table 7 in Section 4.6 in RP-180524
	See Table 7 in Section 4.6 in RP-180524
	See Table 6 in Section 4.6 in RP-180524
	See Table 6 in Section 4.6 in RP-180524
	See Table 6 in Section 4.6 in RP-180524

	UE antenna element gain
	0 dBi
	5dBi
	0 dBi
	5dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	See Table 8 in Section 4.6 in RP-180524
	Omni-directional
	See Table 8 in Section 4.6 in RP-180524
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP.
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5m
	1.5m
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Channel model
	See Table 9 in section 5.1.2. Opt 1 as baseline.

	Penetration loss
	None
	None
	For TRxP-UE: 20% high loss, 80% low loss
For UE-UE: Follows Table A.2.1-13 in TR 38.802 in TR 38.802
	For TRxP-UE: 20% high loss, 80% low loss
For UE-UE: Follows Table A.2.1-12 in TR 38.802
	For TRxP-UE: 100% low loss
For UE-UE: Follows Table A.2.1-13 in TR 38.802 in TR 38.802

	Interference ratios
	See Table 5 in section 4.4. Option 1 as baseline.

	Resource allocation in slot X
	See Table 6 in section 5.1.1.

	TRxP number per site
	1
	1
	3
	3
	3

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

Top view: 
	180° in GCS (pointing to the ground)

Top view: 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")
	[99°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	-
	-
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees 
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	UT 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.
	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.
	Based on RSRP from port 0 

	UE power control
	

where,  .

	Wrapping around method
	No wrapping around
	No wrapping around
	Geographical distance based wrapping for gNB-UE, gNB-gNB, UE-UE
	Geographical distance based wrapping for gNB-UE, gNB-gNB, UE-UE
	Geographical distance based wrapping for gNB-UE, gNB-gNB, UE-UE

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

	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 = [-3*pi/8, -1*pi/8, 1*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 (phai_i, theta_j) is given by equation 1 in Appendix 1 (2D DFT beam)
	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)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -1*pi/8, 1*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 (phai_i, theta_j) is given by equation 1 in Appendix 1 (2D DFT beam)
	-

	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)
	-
	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)
	-

	Criteria for selection for serving TRxP
	-
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered
	-

	Criteria for analog beam selection for serving TRxP
	-
	Select the best beam pair among the set of DFT beams, based on the criteria of maximizing receive power after beamforming.
	Select the best beam pair among the limited set of DFT analog beams, based on the criteria of maximizing receive power after beamforming.
	Select the best beam pair among the set of DFT beams, based on the criteria of maximizing receive power after beamforming.
	-

	Criteria for analog beam selection for interfering TRxP
	-
	Random selecting the random beams for non-serving TRxP
	Random selecting the random beams for non-serving TRxP
	Random selecting the random beams for non-serving TRxP
	-



Proposal 24: Scenario specific parameters as shown in Table 12 can be considered as a starting point for Phase-1 calibration.


Considerations on Phase-2 evaluation
As discussed in 2.1, the following five scenarios can be considered for Phase-2 evaluation:
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration
· Scenario C3 (FR1): Urban Macro considering co-channel co-existence with legacy TDD operation
· Scenario D3 (FR1): Urban Macro considering adjacent-channel co-existence with legacy TDD operation

On Scenario C3 (FR1)
As shown in Figure 9, for Scenario C3 (FR1), gNB with legacy TDD may impose serious gNB-gNB intra-subband CLI to gNB with SBFD, which may cause serious performance degradation for gNB with SBFD, one simple solution may be muting the frequency resources corresponding to UL subband (e.g., the middle [20MHz] in DL slot 2/3/4) for gNB with legacy TDD. With this solution, the performance impact of SBFD operation on the legacy gNB can be simply analyzed and may not require system level simulation, e.g., the DL performance degradation of legacy TDD is roughly proportional with the decrease of the available DL frequency resources for legacy TDD. 



 
(a) legacy TDD w/o muting								(b) legacy TDD w/ muting
[bookmark: _Ref101385302]Figure 9  Scenario C3 (FR1): Urban Macro considering co-channel co-existence with legacy TDD operation.

Observation 3: For Scenario C3 (Urban Macro considering co-channel co-existence with legacy TDD operation), no system level simulation is needed, and the DL performance impact of SBFD operation on the legacy TDD can be simply analyzed based on the reduction of the available DL frequency resources due to resource muting for legacy TDD.

Proposal 25: No system level simulation is needed for Scenario C3 (Urban Macro considering co-channel co-existence with legacy TDD operation). 

On Scenario D3 (FR1)
For Scenario D3 (FR1), we think the adjacent-channel co-existence with legacy TDD operation can be evaluated in RAN4, and RAN1 evaluation may be not necessary for this case.
Proposal 26: It is not necessary for RAN1 to perform the performance evaluation for adjacent-channel co-existence between SBFD operation and legacy TDD operation.

On Scenario A1 (FR1, FR2) / A2 (FR1, FR2) /A3 (FR1)
Regarding the evaluation cases for comparison, the following can be considered:
· Baseline:
· Legacy TDD with TDD frame structure {D,D,D,D,U} with 30KHz SCS and 2.5ms periodicity
· SBFD:
· From gNB perspective: SBFD frame structure {D,X,X,X,U}, where, the UL/DL subband configuration in slot X shown in Table 6 in section 5.1.1.
· From UE perspective: UE can be configured with {D,F,F,F,U}. For a flexible slot, UE works at UL subband if it is dynamically indicated as uplink and UE works at DL subband if it is dynamically indicated as downlink.
Regarding the traffic model, the following may be considered:
· FTP model 3 with packet size 0.5 Mbytes (DL) and 0.1 Mbytes (UL).
· The DL/UL file arriving rate is set according to the target the DL/UL resource utilization (RU) ratios (e.g., [20%], [40%], [60%], etc.) in the baseline. Note, RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions).
Regarding the performance metrics, at least DL/UL UPT (5%, 50%, 95%, Average) are considered.
Evaluation methodology and simulation assumptions for dynamic/flexible TDD
As discussed in section 2.2, for dynamic/flexible TDD evaluation, the coexistence of two different TDD configurations in co-channel in HetNet (Urban Macro+ Indoor hotspot) in FR1 needs to be evaluated.
The following configuration / parameters can be considered.
· Layout: 
· Macro: Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
· Indoor: InH-Office with 3TRxP (see TR 38.901)
· Channel Model: see Table 9 in section 5.1.2.
· TRxP-UE
· Macro-UE: UMa
· InH TRxP-UE: InH-Open Office 
· TRxP-TRxP: see section 5.1.2.
· Macro-Macro: UMa (hUE =25m)
· InH TRxP- InH TRxP: InH-Open Office (hUE =3m)
· Macro-InH TRxP: UMa (with O2I penetration loss and hUE =3m)
· UE-UE:
· If the two UEs are in the same Indoor open office: follow Scenario A1 in Table 9 in section 5.1.2.
· Otherwise: follow Scenario A3 in Table 9 in section 5.1.2.
· TDD configuration
· Macro: DL heavy TDD UL/DL configuration
· E.g., TDD frame structure-1: DDDSU, S (10DL : 2GP: 2UL)
· Indoor: UL heavy TDD UL/DL configuration
· Mandatory: Fixed TDD UL/DL configuration
· E.g., TDD frame structure-2: DSUUU, S (10DL : 2GP : 2UL)
· Optional: Dynamic TDD UL/DL configuration based on variable UL/DL traffic ratio 
· Traffic model: 
· FTP model 3 with packet size 0.5 Mbytes (DL) and 0.1 Mbytes (UL)
· The DL/UL file arriving rate is set according to the target the DL/UL resource utilization (RU) ratios (e.g., [20%], [40%], [60%], etc.) in the baseline. Note, RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions).
· Performance metrics: at least include DL/UL UPT (5%, 50%, 95%, Average)

Proposal 27: For dynamic/flexible TDD evaluation, consider channel model as following:
· TRxP-UE
· Macro-UE: UMa
· InH TRxP-UE: InH-Open Office 
· TRxP-TRxP:.
· Macro-Macro: UMa (hUE =25m)
· InH TRxP- InH TRxP: InH-Open Office (hUE =3m)
· Macro-InH TRxP: UMa (with O2I penetration loss and hUE =3m)
· UE-UE:
· If the two UEs are in the same Indoor open office: follow Scenario A1 in Table 9 in section 5.1.2.
· Otherwise: follow Scenario A3 in Table 9 in section 5.1.2.

Proposal 28: For dynamic/flexible TDD evaluation, consider TDD configuration as following:
· Macro: DL heavy TDD UL/DL configuration, e.g., DDDSU, S (10DL : 2GP: 2UL)
· Indoor: UL heavy TDD UL/DL configuration
· Mandatory: Fixed TDD UL/DL configuration, e.g., DSUUU, S (10DL : 2GP : 2UL)
· Optional: Dynamic TDD UL/DL configuration based on variable UL/DL traffic ratio 

Proposal 29: For dynamic/flexible TDD evaluation, at least include DL/UL UPT (5%, 50%, 95%, Average) as performance metric.

Conclusions
In this contribution, the general issues about NR duplex operation evolution evaluation are discussed, including SI evaluation framework, deployment scenario, evaluation methodology and simulation assumption, and primary performance evaluation results and the following proposals are made.
Observation 1: There are self-interference (SI), co-channel inter-subband CLI (including co-channel inter-cell gNB-gNB inter-subband CLI and co-channel intra-cell/inter-cell UE-UE inter-subband CLI), co-channel intra-subband CLI (including co-channel inter-cell gNB-gNB intra-subband CLI and co-channel inter-cell UE-UE intra-subband CLI), and adjacent-channel CLI (including adjacent-channel gNB-gNB CLI and adjacent-channel UE-UE CLI) in SBFD network.

Observation 2: Two SBFD configuration can be considered, i.e.,
· SBFD configuration#1: DXXXU, with one UL subband between two DL subbands in slot X.
· SBFD configuration#2: DXXXU, with one DL subband and one UL subband in slot X.

Observation 3: For Scenario C3 (Urban Macro considering co-channel co-existence with legacy TDD operation), no system level simulation is needed, and the DL performance impact of SBFD operation on the legacy TDD can be simply analyzed based on the reduction of the available DL frequency resources due to resource muting for legacy TDD.

Proposal 1: Focus on the following scenarios for SBFD evaluation:
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration
· Scenario C3 (FR1): Urban Macro considering co-channel co-existence with legacy TDD operation
· Scenario D3 (FR1): Urban Macro considering adjacent-channel co-existence with legacy TDD operation

Proposal 2: Focus on the following scenario for dynamic/flexible TDD evaluation:
· HetNet scenario with Urban Macro using DL dominated fixed TDD frame structure and Indoor hotspot using UL dominated fixed TDD frame structure in FR1
· FFS: whether flexible TDD can be additionally considered for indoor hotspot

Proposal 3: No calibration phase is needed for the evaluation of dynamic/flexible TDD.

Proposal 4: Regarding the evaluation work of SBFD, if majority think it is necessary to have a calibration phase before performance evaluation, the following can be considered:
· Phase-1: Conduct calibration based on RAN1’s assumption on the interference modelling for self-interference, gNB-gNB and UE-UE inter-subband CLI, gNB-gNB and UE-UE inter-operator (i.e. adjacent-channel) CLI.
· Phase-2: Conduct performance evaluation based on RAN4’s input on the interference modelling for self-interference, gNB-gNB and UE-UE inter-subband CLI, gNB-gNB and UE-UE inter-operator (i.e. adjacent-channel) CLI.

Proposal 5: At least for RAN1’s discussion and evaluation for SBFD, define the following interference types:
· Self-interference (SI) at gNB side: Interference caused by DL transmission in DL subband in a SBFD carrier to UL reception in UL subband in the same carrier at the gNB side.
· Co-channel inter-cell gNB-gNB inter-subband CLI: CLI caused by DL transmission of the aggressor gNB in DL subband in a SBFD carrier to UL reception of the victim gNB in UL subband (different from the DL subband) in the same SBFD carrier.
· Co-channel intra-cell/inter-cell UE-UE inter-subband CLI: CLI caused by UL transmission of the aggressor UE in UL subband in a SBFD carrier to DL reception of the victim UE in DL subband (different from the UL subband) in the same cell or neighbouring cell in the same SBFD carrier.
· Co-channel inter-cell gNB-gNB intra-subband CLI: CLI caused by DL transmission of the aggressor gNB in a subband in one carrier to UL reception of the victim gNB in the same subband in the same carrier.
· Co-channel inter-cell UE-UE intra-subband CLI: CLI caused by UL transmission of the aggressor UE in a subband in one carrier to DL reception of the victim UE in the same subband in the same carrier. 
· Adjacent-channel gNB-gNB CLI: CLI caused by DL transmission of the aggressor gNB in a legacy TDD carrier to UL reception of the victim gNB in another adjacent SBFD carrier.
· Adjacent-channel UE-UE CLI: CLI caused by UL transmission of the aggressor UE in a SBFD carrier to DL reception of the victim UE in another adjacent legacy TDD carrier.

Proposal 6: At least for RAN1’s discussion and evaluation for SBFD, consider the following for interference modelling:
· Self-interference ratio (SIR): The ratio of the power transmitted by gNB on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· The SIR can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-SIR, , denoting the ratio of the power transmitted by gNB on subcarrier m to the interference received by the same gNB on a subcarrier n.
· Inter-subband interference ratio (ISIR): The ratio of the power transmitted by the aggressor gNB/UE on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim gNB/UE on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: The ISIR can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-ISIR, , denoting the ratio of the power transmitted by the aggressor gNB/UE on subcarrier m to the interference received by the victim gNB/UE on a subcarrier n.
· Adjacent-channel interference ratio (ACIR): RAN1 understands the ACIR in TR38.828 is defined as the ratio of the power transmitted by the aggressor gNB/UE on one carrier to the total interference received by the victim gNB/UE on the adjacent carrier, i.e., the ACIR in TR38.828 is described per carrier. 
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of ACIR with finer granularity, e.g., the per-subcarrier-ACIR,  , denoting the ratio of the power transmitted by the aggressor gNB/UE on subcarrier m in one carrier to the interference received by the victim gNB/UE on another subcarrier n in the adjacent carrier.

Proposal 7: Include the following in the LS to RAN4:
· RAN1 would like to ask RAN4 about the values or value ranges of the following interference ratios used for SBFD evaluation.
1) gNB’s self-interference ratio (SIR)
· In RAN1’s understanding, SIR is defined as the ratio of the power transmitted by gNB on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the same gNB on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: It is up to RAN4 to describe the SIR per subband, per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-SIR.
2) Inter-subband interference ratio (ISIR) including gNB-gNB ISIR and UE-UE ISIR
· In RAN1’s understanding, ISIR is defined as the ratio of the power transmitted by the aggressor gNB/UE on one frequency unit (e.g., one subband/RB/subcarrier) in a SBFD carrier to the total interference received by the victim gNB/UE on a different frequency unit (e.g., another subband/RB/subcarrier) in the same SBFD carrier.
· Note: It is up to RAN4 to describe the ISIR per subband, per RB, or per subcarrier. For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of per-subcarrier-ISIR.
3) Adjacent-channel interference ratio (ACIR) including gNB-gNB ACIR and UE-UE ACIR
· RAN1 understands the ACIR in TR38.828 is the ratio of the power transmitted by the aggressor gNB/UE on one carrier to the total interference received by the victim gNB/UE on the adjacent carrier, i.e., the ACIR in TR38.828 is described per carrier.
· For RAN1’s simulation purpose, it is preferred that RAN4 can provide the value or value range of ACIR with finer granularity, e.g., the per-subcarrier-ACIR defined as the ratio of the power transmitted by the aggressor gNB/UE on one subcarrier in one carrier to the interference received by the victim gNB/UE on another subcarrier in the adjacent carrier.
· If values or value ranges of SIR/ISIR/ACIR provided by RAN4 are defined with a coarser granularity, e.g., per carrier/subband/RB, it is preferred that a method can be provided by RAN4 to derive the SIR/ISIR/ACIR values with finer granularity from the SIR/ISIR/ACIR values with coarser granularity.
· Note: At least for RAN1’s simulation purpose, the typical value of the bandwidth of the UL subband in subband non-overlapping full duplex is tens of MHz, e.g., 20MHz, 40MHz, 60MHz, etc…
· Note: It’s up to RAN4 to consider the antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression. From RAN1 perspective, it is preferred that the SIR value under the assumption of separate-Tx/Rx antenna architecture can be provided by RAN4 as well as the corresponding separate-Tx/Rx antenna configuration including the placement of the Tx antennas and Rx antennas in the horizontal/vertical domain.

Proposal 8: Take the values of interference ratios in Table 5 as the assumption for RAN1 calibration for SBFD evaluation.

Proposal 9: SFBD configuration#1 as well as the resource allocation pattern in slot X as following can be used for Phase-1 calibration.
· Top/bottom DL subband BW in RB (x/2): 107 RB for FR1 and 103 RB for FR2.
· Centre UL subband BW in RB (y): 53 RB for FR1 and 52 RB for FR2.
· Guard band BW at one side in RB (z): 3 RB for both FR1 and FR2.

Proposal 10: For TRxP-TRxP channel model:
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 as the channel model for TRxP-TRxP by setting .
· In scenarios A2, reuse the channel model for UMi-Street Canyon in TR 38.901 as the channel model for TRxP-TRxP by setting .
· In scenarios A3/C3/D3, reuse the channel model for UMa in TR 38.901 as the channel model for TRxP-TRxP by setting .

Proposal 11: For UE-UE channel mode, Opt 1 of the following options can be used:
· Opt 1: Reuse the channel model for gNB-UE in TR 38.901 as the channel model for UE-UE by setting ., e.g., 
· In scenario A1, reuse the channel model for indoor-Office (Open office) in TR 38.901 as the channel model for UE-UE by setting .
· In scenario A2/A3/C3/D3, reuse the channel model for UMi-Street canyon in TR 38.901 as the channel model for UE-UE by setting .
· Opt 2: Reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802.

Proposal 12: For UE-UE channel model, the applicability range of the pathloss model for UMi-Street canyon in Table 7.4.1-1 in TR 38.901 is extended from  to , e.g., X = [3].

Proposal 13: At least for calibration, only large-scale fading needs to be modelled for UE-UE channel.

Proposal 14: In scenarios A2/A3/C3/D3, the penetration loss between UEs can follows Table A.2.1-13 and A.2.1-12 in TR 38.802 for FR1 and FR2 respectively.

Proposal 15: The separate-Tx/Rx antenna architecture can be described with the following parameters:
· Legacy parameters: , , , 
· New parameters: 
wherein, there are one Tx antenna array and one Rx antenna array spaced in the horizontal direction with a spacing of  and in the vertical direction with a spacing of .

Proposal 16: For separate-Tx/Rx antenna architecture, switched connection between Tx/Rx RFFE and antenna array is preferred, as illustrated in Figure 7 (c), i.e.,
· In DL slot, the Tx RFFE connects to the 1st half of antenna array.
· In SBFD slot, the Tx RFFE connects to the 1st half of antenna array, and the Rx RFFE connects to the 2nd part of antenna array.
· In UL only slot, the Rx RFFE connects to the 1st half of antenna array.

Proposal 17: For evaluation and comparison between SBFD and legacy TDD, separate-Tx/Rx antenna architecture is assumed for SBFD, and the total number of antenna elements of separate-Tx/Rx antenna assumed for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna assumed for legacy TDD.

Proposal 18: Use the shared-Tx/Rx antenna configurations in Table 10 for evaluation of legacy TDD operation.

Proposal 19: Use the separate-Tx/Rx antenna configurations in Table 11 for evaluation of SBFD.

Proposal 20: For DL transmission power, the following options can be considered for SBFD.
· Opt 1: The DL power spectrum density is kept unchanged over DL only slots and SBFD slots.
· Opt 2: The DL power spectrum density can be boosted in SBFD slots compared to that in DL only slots.

Proposal 21: Option 1 for DL transmission power can be used for calibration of SBFD.
· Opt 1: The DL power spectrum density is kept unchanged over DL only slots and SBFD slots.

Proposal 22: One or multiple of the following scenarios can be considered for SBFD calibration
· Scenario A1 (FR1, FR2): Indoor hotspot with common UL/DL subband configuration
· Scenario A2 (FR1, FR2): Urban Micro or Dense Urban micro layer with common UL/DL subband configuration
· Scenario A3 (FR1): Urban Macro with common UL/DL subband configuration

Proposal 23: One or multiple of the following metrics can be used for Phase-1 calibration
· Metric 1: CDF of coupling loss (serving cell) from port 0
· Metric 2: CDF of DL wideband SINR considering legacy gNB-UE interference only
· Metric 3: CDF of SBFD DL SINR before receiver considering legacy gNB-UE interference and co-channel UE-UE inter-subband CLI
· Metric 4: CDF of legacy UL SINR before receiver considering legacy UE-gNB interference only
· Metric 5: CDF of SBFD UL SINR before receiver considering legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI
· FFS: definition of the above metrics

Proposal 24: Scenario specific parameters as shown in Table 12 can be considered as a starting point for Phase-1 calibration.

Proposal 25: No system level simulation is needed for Scenario C3 (Urban Macro considering co-channel co-existence with legacy TDD operation). 

Proposal 26: It is not necessary for RAN1 to perform the performance evaluation for adjacent-channel co-existence between SBFD operation and legacy TDD operation.

Proposal 27: For dynamic/flexible TDD evaluation, consider channel model as following:
· TRxP-UE
· Macro-UE: UMa
· InH TRxP-UE: InH-Open Office 
· TRxP-TRxP:.
· Macro-Macro: UMa (hUE =25m)
· InH TRxP- InH TRxP: InH-Open Office (hUE =3m)
· Macro-InH TRxP: UMa (with O2I penetration loss and hUE =3m)
· UE-UE:
· If the two UEs are in the same Indoor open office: follow Scenario A1 in Table 9 in section 5.1.2.
· Otherwise: follow Scenario A3 in Table 9 in section 5.1.2.

Proposal 28: For dynamic/flexible TDD evaluation, consider TDD configuration as following:
· Macro: DL heavy TDD UL/DL configuration, e.g., DDDSU, S (10DL : 2GP: 2UL)
· Indoor: UL heavy TDD UL/DL configuration
· Mandatory: Fixed TDD UL/DL configuration, e.g., DSUUU, S (10DL : 2GP : 2UL)
· Optional: Dynamic TDD UL/DL configuration based on variable UL/DL traffic ratio 

Proposal 29: For dynamic/flexible TDD evaluation, at least include DL/UL UPT (5%, 50%, 95%, Average) as performance metric.
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Annex A: General coupling loss between Transmitter A and Receiver B
For gNB-UE and gNB-gNB links, both large-scale and fast fading channel models are considered, the general coupling loss between Transmitter A and Receiver B is defined in formula (A.1).
Note: The following formula (A.1) is based on formula (B.1-2) in TR 37.910, with minor differences highlighted in red.
The general coupling loss ( from the -th Tx antenna ports of Node  with complex weight vector  () to the -th Rx antenna ports of Node  with complex weight vector  () is expressed as

where N is the number of clusters, M is the number of rays per cluster.
For NLOS case for n=1, …, N, and m=1, …, M. 

with the notations , , , , , , , , ,  being according to equation (7.5-22) and  (7.5-28) in TR38.901, and  is the Ricean K-factor; 
and for LOS case

with the notations , , , , and  being according to equation (7.5-29) in TR38.901;
and  and  are the field patterns of multiple weighted Tx antenna ports {p| p =1,2,…,S } in the direction of the spherical basis vectors,  and  respectively,  and  are the field patterns of Rx antenna port u in the direction of the spherical basis vectors,  and  respectively; they are given by




wherein, 
· within  and ,  for LOS case, and  for NLOS case.
· within  and ,  for LOS case, and  for NLOS case.




where NT is the number of antenna elements that virtualizes the Tx antenna port p, NR is the number of antenna elements that virtualizes the Rx antenna port u;  (k=1, …, NT) represents a complex weight vector used for virtualization of Tx antenna port p,  (l=1, …, NR) represents a complex weight vector used for virtualization of Rx antenna port u, Ftx,k,θ and Ftx,k,ϕ are the kth transmit antenna element’s field patterns according to equation (7.1-11) in TR38.901 in the direction of the spherical basis vectors,  and  respectively, Frx,l,θ and Frx,l,ϕ are the lth receive antenna element’s field patterns according to equation (7.1-11) in TR38.901in the direction of the spherical basis vectors,  and  respectively.

For UE-UE links, only large-scale channel model is considered, the general coupling loss between Transmitter A and Receiver B is defined in formula (A.2).


where the calculation of , , ,  is same as in formula (A.1).
Annex B: Demonstration for metrics calculation procedure for Phase-1 calibration


Figure 10  Metrics calculation procedure
B.1: Step 1: Collect and log related parameters after UE attachment
· Step 1-1: Collect and log the general coupling loss values (as defined in equation (A.1) in Annex A) for all Tx/Rx beam pairs and for all gNB-UE links, e.g.,
· , , , , 
· Step 1-2: Collect and log the general coupling loss values for all Tx/Rx beam pairs for all gNB-gNB links, e.g.,
· , , 
· Step 1-3: Collect and log the general coupling loss values for all Tx/Rx beam pairs for all UE-UE links, e.g.,
· , , 
· Step 1-4: Collect and log the best Tx/Rx beam pairs indexes for gNB-UE links, e.g., 
· ,, 
· Step 1-5: Collect and log the average UL transmission power per subcarrier () for all UE  based on UL power control configuration, e.g.,
· , 
B.2: Demonstration of calculation procedure for metrics in Step 2: 
[bookmark: _Ref100648737]Table 13  Pseudocode for calculating DL SINR before receiver (metric 3) considering legacy gNB-UE interference and Co-channel UE-UE inter-subband CLI
	Set n = 0;
For a cell  in  {
	For a UE in  served by cell {
		Calculate the average DL received signal power, wherein,
 			, where, 
				  are selected corresponding to the best analog beam pair between cell  and UE .

		For k = 1 : K { 					// for interference randomization, e.g., K = 10
			For each RB m in UL subband {				// intra-cell UE-UE CLI
				Randomly select a UE  severed by cell , wherein, .
				Obtain Tx beam  of UE , where,
					 is selected as the best Tx analog beam of UE  associated with cell , i.e.,
					
				Calculate the Co-channel UE-UE inter-subband CLI from intra-cell UE  to UE, i.e.,
					
			}

			For a cell  in  and  {			// legacy gNB-UE interference and inter-cell UE-UE CLI
				Randomly select a Tx beam  at gNB  side.
				Calculate the legacy gNB-UE interference from cell  to UE, i.e.,
					

				For all RB m in UL subband {
					Randomly select a UE  severed by cell .
					Obtain Tx beam  of UE , where, 
						 is selected as the best Tx analog beam of UE  associated with cell , i.e.,
						 
					Calculate the Co-channel UE-UE inter-subband CLI from UE  of inter-cell to UE, i.e.,
						
				}
			}
			Calculate 
		}
		Calculate .
	}
}
Plot CDF for collected metric set , where, , .



[bookmark: _Ref100648804]Table 14  Pseudocode for calculating UL SINR before receiver (metric 5) considering legacy UE-gNB interference, self-interference and co-channel gNB-gNB inter-subband CLI
	Set n = 0;
For a cell  in  {
	For a UE in  served by cell {
		Calculate the average UL received signal power, wherein,
 			, where, 
				  are selected corresponding to the best analog beam pair between cell  and UE .
				 is the average UE transmission power per subcarrier of UE .
		For k = 1 : K { 					// for interference randomization, e.g., K = 10
			For a cell  in  and  {
				Randomly select a UE  severed by cell .
				Obtain .
				Obtain Tx beam  of UE , where, 
					 is selected as the best Tx analog beam of UE  associated with cell , i.e.,
					 
				Calculate the legacy UE-gNB interference from UE  to cell, i.e.,
					

				// calculate SI
				Calculate the self-interference for cell, i.e.,
					

				// calculate co-channel gNB-gNB inter-subband CLI
				Randomly select a Tx beam  at gNB  side.
				Calculate the co-channel gNB-gNB inter-subband CLI from gNB  to gNB, i.e.,
				
[bookmark: _GoBack]				
			}
			Calculate 
		}
		Calculate 
	}
}
Plot CDF for collected metric set , where, , .
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