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[bookmark: _Ref465963108]Introduction
In RAN plenary #94e, the following study item description on evolution of NR duplex operation was approved [1]. 
	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).




In RAN1 #109e, high level agreements on the deployment scenario, interference sources and evaluation methodology of SBFD were made. In this contribution, we discuss the remaining aspects of SBFD evaluation methodology, the deployment scenarios for dynamic/flexible TDD and provide updates on initial evaluations results for both subband non-overlapping full duplex and dynamic/flexible TDD. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Subband non-overlapping full duplex 
Deployment scenarios
There are different deployment scenarios that could benefit from latency reduction and coverage enhancement advantages of the subband full duplex deployment. Massive MIMO Macro cell with large EIRP with SBFD operation could reduce network latency and improve UL coverage. Such UMa deployment with large Tx Power is challenging at gNB due to the requirements to mitigate the large self-interference and inter-gNB CLI.  On the other hand, small cells deployment with small Tx Power e.g., FR2 Indoor Hotspot could reduce gNB requirements of self-interference mitigation and benefits from latency reduction. However indoor deployment of subband full duplex for indoor may be challenging to handle inter-UE and inter-gNB cross link interference due to close proximity between UEs and TRPs. 
Observation 1: Subband full duplex deployment for Massive MIMO macro cell deployment with large EIRP could benefit from UL coverage gain and latency improvement while it is a challenging deployment due to large self-interference at gNB. 
Observation 2: Subband full duplex deployment Indoor deployment may reduce requirements on gNB for self-interference mitigation due to small Tx Power. However, at least for FR1, it may be challenging deployment for handling cross link-interference. 
In RAN1 meeting #109e, it was agreed to classify SBFD deployment scenarios into four different deployment cases. Deployment case 1 and case 2 address non coexistence scenario (single operator and single carrier) and consider the scenarios when all cells are either configured with same SBFD subband configuration or may have different SBFD subband configurations respectively.  Case 3 addresses co-channel coexistence of an operator where some cells use legacy static TDD operation and others are deployed with SBFD operation. Case 4 address adjacent channel coexistence between two operators on two adjacent channels where operator deploy static TDD, and the other operator is operating uses SBFD operation with the same SBFD subband configuration.
	Agreement:
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.




Deployment case 2 where cells may use different SBFD configurations will provide more flexibility for each cell to adapt its resources depending on the traffic directions. However, it will increase the cross-link interference across gNB and across UE where CLI between UL and DL could be fully overlapping in the same subband.  In our views, deployment case 1 where all cells have same SBFD configuration is more practical from deployment perspective as same gNB hardware and interference mitigation techniques could be used across all cells. 
Observation 3: Deployment case 1 with same UL/DL subband configurations across all cells is more practical from deployment perspective as compared to Deployment case 2.
In addition, the adjacent channel coexistence with another operator is an important case for the study to make sure that legacy operator and legacy UEs are not impacted by the SBFD operator. 
Observation 4: Deployment case 4 is important for Rel-18 study to evaluate the effect on the legacy/SBFD operator and legacy UE due to adjacent channel cross-link interference.
Deployment Case 1 
In the last RAN1 meeting, it was agreed to consider the following scenarios for evaluation for both FR1 and FR2.
	Agreement:
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results




In addition to the listed scenarios in the RAN1 agreement, the HetNet deployment scenario with Urban Macro and Indoor office is an interesting deployment scenario for the study.  This deployment scenario will stress the effect of the inter-UE CLI especially for the case when two Indoor UEs are served by Macro cell and indoor TRP. 
Proposal 1: For Deployment case 1, support HetNet with Urban Macro and Indoor as an optional deployment scenario at least for FR1. 
Deployment Case 4
For the inter-operator coexistence deployment case 4 (adjacent channel coexistence) between SBFD operator and static TDD operator, it was agreed to study Urban Macro and Dense Urban Macro layer deployments for FR1 and FR2-1 respectively. 
	Agreement:
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· FR1: Urban Macro
· FR2-1: Dense Urban Macro layer
· FFS: UE outdoor/indoor proportion, clustering, etc
· FFS: the grid shift between two networks, e.g., 0%, 100%
· FFS: Indoor hotspot, Dense Urban Micro layer




In our views, the two agreed deployment scenarios are sufficient for the study of inter-operator coexistence as they are the most practical and commercially deployed scenarios. For the Indoor hotpots, there could be could be coexistence issues for some deployment use-case as in stadium coverage by multiple operators or within a conference room mmW hotspot coverage by multiple operator. It is good for RAN1 to further discuss these additional deployment scenarios and consider workload of simulation efforts. If multiple deployment scenarios are agreed, additional deployment scenario should be optional. 
Proposal 2: For Deployment case 4, Urban Macro (FR1) and Dense Urban Macro layer (FR2-1) deployment are considered as baseline for the study of adjacent channel coexistence between SBFD and static TDD operator. 
· Further discussion on additional scenarios of Indoor hotspot and Dense urban Micro layer scenarios.

Regarding the grid shift between the two networks, the two layouts of 0% and 100% grid shift between the two operators’ gNB should be studied to evaluate worst-case and best-case coexistence. Examples are given in the figure below. 


                        
Figure 2‑1: Grid shift of 0% and 100% for deployment case 4

Proposal 3: Grid shift of 0% and 100% between the two operators’ gNB are sufficient to study best case and worst-case adjacent channel coexistence between the SBFD and static TDD operator (Deployment case 4). 
· FFS: 50% grid shift

[bookmark: _Ref111129227]UE clustering
In the first RAN1 meeting #109e, it was discussed that  proper modelling of UE drops is essential part for successful and meaningful evaluation. In real deployment, the UEs may be clustered within certain area (e.g., office) which is different that current assumption of random UE dropping. This may affect the inter-UE CLI especially when two UEs are within close proximity. A simple model is essential part to make the evaluation useful and not complicated. 
Observation 5: A simple model of UE clustering is essential for useful evaluation of impact of inter-UE CLI.
In our view, hotspot drop model described in 38.843 can be reused to create clustered UE drop without having to drop buildings into the layout. Some considerations on the UE cluster related to the minimum distance between cluster centre and gNB should be revisited based macro cell ISD and minimum distance between the clusters. The procedure can be summarized as follow and shown in Figure 2‑2.
1. Randomly select an area within each macro cell area for the UEs cluster
2. Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.
3. Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell. 



[bookmark: _Ref111128634]Figure 2‑2: UE clustering drop

Proposal 4: UE clustering by dropping one cluster within each macro cell area and drop 2/3 of the UE within the cluster and the rest 1/3 uniformly dropped to entire macro area.  
· FFS: cluster size
· FFS: minimum distance between cluster centre and gNB

In addition, there should be no consideration on the minimum distance between the UEs to mimic the real deployment and inter-UE CLI where two UEs could be in very close proximity (e.g., within a conference room). 
Proposal 5: No minimum distance between the UEs is considered for the Rel-18 study on duplex evolution.
Deployment Layout
Indoor office 
For Indoor hotspot, ceiling mounted TRP deployment is adopted, and three options were considered in [5]. It is sufficient to consider option 1 (Boresight direction is perpendicular to the ceiling) and antenna model is taken from Wall-mount (90-degree HPBW in azimuth and zenith) in Table A.2.1.7 [5]. The number of sites is 12. The placement of 12 sites is the same as TR 38.901 [6].  The TRP layout and placement (ceiling mounted) as shown in Figure 2‑3. The antenna configuration is discussed in section 2.3.3. The layout parameters are summarized in Table 1.
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[bookmark: _Ref111129018][bookmark: _Ref111098802]Figure 2‑3: Layout of indoor office scenarios TRP placement in Indoor Office(Ceiling Mounted), boresight pointing towards the ground

[bookmark: _Ref111099027]Table 1 Layout parameters for indoor-office scenarios
	Parameters
	Indoor - office 
open office

	Layout
	Room size (WxLxH)
	120mx50mx3m

	
	ISD
	20m

	BS antenna height 
	3 m (ceiling)

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height 
	1 m

	UT mobility (horizontal plane only)
	3 km/h

	Min. BS - UT distance (2D)
	0

	UT distribution (horizontal)
	Uniform



Proposal 6: For InH, support ceiling mounted TRP deployment with Boresight direction is perpendicular to the ceiling and layout parameters in Table 1.
Urban macro
The suggested layout parameters for Urban macro layout are summarized in Table 2. Considering the simulation workload in this study, it is recommended to use 7 macro sites instead of 19. In addition, the UE distribution should be uniform using the UE clustering method.
Table 2 Layout parameters for UMa scenarios
	Parameters
	UMa

	Cell layout
	Hexagonal grid, 7 macro sites, 3 sectors per site (ISD = 500m)

	BS antenna height 
	25m

	UT location
	Outdoor/indoor
	Outdoor and indoor using UE clustering method

	
	LOS/NLOS
	LOS and NLOS

	
	Height 
	Same as 3D-UMa in TR36.873

	Indoor UT ratio
	80%

	UT mobility (horizontal plane only)
	3km/h

	Min. BS - UT distance (2D)
	35m

	UT distribution (horizontal)
	Uniform using UE clustering method



Proposal 7: For UMa, support hexagonal grid cell layout with 7 macro sites, 3 sector per side (ISD = 500) related configuration in Table 2.
Dense urban - UMi
The suggested layout parameters for Urban macro layout are summarized in Table. For the simulation workload in this study, it is recommended to use 7 macro sites instead of 19. In addition, the UE distribution should be uniform using the UE clustering method.
Table 3 Layout parameters for Dense Urban
	Parameters
	UMi - street canyon

	Cell layout
	Hexagonal grid, 21cells with wraparound (ISD = 200m)

	
BS antenna height 
	10m

	UT location
	Outdoor/indoor
	100% outdoor
Note: Other UE distribution can be evaluated optionally.

	
	LOS/NLOS
	LOS and NLOS

	
	
Height 
	Same as 3D-UMi in TR36.873

	UT mobility (horizontal plane only)
	3km/h

	Min. BS - UT distance (2D)
	10m

	UT distribution (horizontal)
	Uniform



For performance evaluation for FR2, there will be high out-to-in losses. The exact loss will depend on the materials and some materials could be very lossy. Therefore, we support 100% outdoor UE locations to evaluate outdoor scenarios for FR2. 
Proposal 8: Support 100% outdoor UE locations to evaluate outdoor scenarios for FR2. 
HetNet with Urban Macro and Indoor office
For the HetNet deployment, the Urban Macro is modelled using hexagonal grid, 7 macro sites, 3 sectors per site (ISD = 500m). For the indoor office, one InH layout is dropped randomly for each macro sector. The Indoor office is assumed single floor of size 120mx50mx3m with reduced number of TRPs as descripted in Indoor hotspot 3-site deployment in [5].  UE dropping could follow the same UE clustering method described in section 2.1.3.


 
Figure 2‑4: Urban Macro and Indoor Office Layout

For the HetNet, it shouldn’t be assumed that all Indoor UEs are connected to the Indoor TRP. The serving cell could be he Macro gNB or the Indoor TRP based. In addition, special attention should be considered for modeling the penetration loss between the UEs and determining whether the UEs are Outdoor or Indoor. For example, when a UE is served by Macro gNB while being Indoor, then no O2I penetration loss should be considered for that UE to other indoor UE within the office. 
Proposal 9: For HetNet, support UMa hexagonal grid of 7 macro sites and 3 sectors per site (ISD = 500m). 
· one InH layout is dropped randomly for each macro sector. 
· The Indoor office is assumed single floor of size 120m x 50m x 3m with 3-site deployment.

Evaluation methodology 
To evaluate the performance gain of subband full duplex and system level evaluation should be used as the primary tool for the duplex evolution. In addition, link-level could be a helpful tool for some studies, e.g. effect of inter-UE CLI on DL performance and guard band requirement. Also, to evaluate the coverage gain of the SBFD, link budget analysis, e.g. similar to Rel-17 coverage study could be beneficial. 
Proposal 10: Support SLS as main tool for the evaluation of subband full duplex study. 
· LLS could be additional used for the study of inter-UE CLI.
· Link-budget analysis could be additionally used for the evaluation of coverage gain in SBFD.

To reduce the RAN1 efforts on agreeing on the simulation’s assumptions, it makes sense to leverage some of the common SLS assumptions from earlier 3GPP studies in TR 38.901, TR 38.801 Rel-17 XR study and Rel-17 Fe-MIMO [3] [4]. However, there are a few assumptions that are unique for the subband full duplex evaluation that could discussed separately. The next few subsections discuss the configurations of the base-station antenna/panels, the slot structure, UL/DL subband division, self-interference modeling and cross-link interference modeling for FR1 and FR2. 
Performance evaluation metrics
In the last RAN1 meeting #109e, the following metrics were agreed for the evaluation of the SBFD and dynamic/flexible TDD. 
	Agreement:
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics



Regarding the definition of the user perceived throughput, the UPT for each packet for each UE should be first computed then the 5%, 50% and 95% is computed for each UE. The CDF of {5%, 50% and 95%} is then collected based on all UEs.
Proposal 11:For the definition the UPT CDF metric of {mean, 5%, 50% and 95%}, the UPT for each packet of the UE should be first computed then the 5%, 50% and 95% is computed for each UE. The CDF of {5%, 50% and 95%} is then collected based on all UEs.
On the definition of the resource utilization, there are few metrics that computed, per traffic direction resource utilization and total resource utilization across both the DL and UL resources. Additional useful metric is the utilization of SBFD slot for both traffic direction. 
Proposal 12: The resource utilization metric for DL (or UL) is computed based on the ratio of the scheduled DL (or UL) RBs to the total number of DL (or UL) RBs within the simulation time. 
Proposal 13: For subband full duplex evaluation scenario, support SBFD slot utilization is additional metric.
Traffic model
In the last meeting, it as agreed to consider FTP3 at least for traffic modelling for the evaluation of SBFD and baseline (legacy astatic TDD) with assumption of same input traffic.
	Agreement:
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel coexistence studies




For the evaluation, different traffic load could be considered for the evaluation, e.g., low, medium and high load based on the target resource utilization. For example, <10% resource utilization could be used for low load, 20% for medium and 40-50% for high traffic load. The traffic arrival rate then be selected properly for each traffic load. 
For the evaluation, different packet sizes could also be considered for the evaluation, e.g. small packets can be transmitted within 1 or 2 slots which represents latency driven traffic, large packets can take a number of slots to be transmitted which represents throughput driven traffic. Different performance gains of SBFD are expected based on different packet sizes. 
Regarding the UE traffic, it may be assumed that each UE is either scheduled DL or UL traffic. This is typical assumption to avoid complicated dual DL and UL traffic for the UE. If fairness is a concern, an alternative optional solution can be to swap the DL and UL UEs (or) considering multiple random permutations and average the results over those permutations. Companies can report its methodology regarding this.
Proposal 14: For subband full duplex evaluation, low (<10%), medium (20%) and high (40-50%) traffic load could be assumed based on target resource utilization.
· Each UE is either assigned UL traffic or DL traffic. 
· Different packet size should be considered
· Separate DL/UL target resource utilization.

[bookmark: _Ref111129050]Base-station antennas and panels configuration
For subband full duplex deployment scenario, base station antenna configuration should be based on two panels configuration with split of the antenna elements for simultaneous downlink transmission and uplink reception. With the split panel architecture, base station can enable larger spatial isolation is an essential component to mitigate self-interference. The physical separation typically in the range of few wavelengths. Exact number cannot be specified for the SBFD simulation evaluation, and it depends on gNB implementation so companies may report the assumed physical panels separation. For legacy TDD deployment scenario, base station antenna configuration should be based on single panel configuration for either downlink transmission or uplink reception
In the RAN1 meeting #109e, it was agreed that gNB uses separate panels for to enabled SBFD simultaneous downlink transmission and uplink reception. For the TDD system, a single panel is used.
	Agreement: 
For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption.
· Companies can report the separation of the Tx panel and Rx panel assumed in their simulation.
· Companies can report how the antenna elements are used for transmission or reception in a slot if BS does not perform simultaneous downlink transmission and uplink reception.

Agreement: 
For evaluation of legacy TDD operation, BS uses the same antenna array for downlink transmission and uplink reception, we can call it shared-Tx/Rx antenna array for description of evaluation assumption.
Agreement: 
For evaluation and comparison between SBFD and legacy TDD, assume the total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD. Regarding antenna elements, both of the two options can be used.
· Opt 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
· Companies report which option is assumed in their simulation.




Two options were agreed for SBFD with same numbers of TxRUs as the baseline TDD. In option-1, each panel size is half the size of the TDD panels while option-2, each panel is the same size as the TDD panel as shown in Figure 2‑5.


[bookmark: _Ref111102240]Figure 2‑5: Base-station antenna/panels configuration in TDD and SBFD modes options 1 and 2

To enable full reciprocity, the Tx panels should be switchable between Tx and Rx modes for either option 1 or option 2.  
Proposal 15: For both options of SBFD BS antenna configurations, at least the transmit panel in SBFD slot should be switchable to Rx mode to enable full DL/UL channel reciprocity. 
Antenna configurations:
For the subband full duplex evaluation, the baseline assumption is static panel partition with the two separate panels across all slots. However, among the subband full duplex slots, although simultaneous downlink and uplink is allowed on both directions on every slot, the actual scheduling to conduct simultaneous downlink and uplink, or just downlink, or just uplink is according to traffic conditions. To further optimize the performance of subband full duplex, adaptive antenna array configuration across slots could be considered in the evaluation, in which case the separate panels configuration shall be used on the subband full duplex slots with scheduled simultaneous downlink and uplink, the single panel configuration same as legacy TDD shall be used on the dynamic TDD slots with scheduled either downlink or uplink, as illustrated in Figure 2‑6. 
Table 4 Antenna Configuration for FR1
	
	UMa
	UMi
	Indoor Hotspot

	gNB antenna configuration (Option 1)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(4,16, 2, 1, 1, 2,16, 0.8, 0.5).
 64 ports (32 Tx +32 Rx) 

	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(4, 4, 2, 1, 1, 4, 4, 0.5, 0.5). 
32 ports (16 Tx + 16 Rx)


	gNB antenna configuration (Option 2)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(8,16, 2, 1, 1, 4,16, 0.8, 0.5). 
128 ports (64 Tx +64 Rx)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(8, 4, 2, 2, 1, 8, 4, 0.5, 0.5). 
64 ports (32 Tx + 32 Rx)

	gNB antenna configuration (TDD)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4,16, 2, 1, 1, 2,16, 0.8, 0.5). 64 ports/TxRu
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 1, 4, 4, 0.5, 0.5). 32 ports



Table 5 Antenna Configuration for FR2
	Parameter
	Deployment scenarios

	
	UMa (38.913 w/ following parameters)
200 ISD
	UMi (38.913 w/ following parameters)
100 ISD
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-1
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-2

	Antenna Configurations

	FD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
TDD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,16,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
	FD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2,1,1;1,1) 
TDD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2,1,1;1,1)
 (dH, dV) = (0.5λ, 0.5λ)




Proposal 16: Adopt the gNB antenna configuration in Table-4 and Table 5.
Macro/Micro antenna configuration

128 elements =(4x16x2)
64 ports = (2x16x2)
TDD (1 panel)

128 elements =(4x16x2)
64 ports = (2x16x2)
SBFD option1(2 panels)





256 elements =(8x16x2)
128 ports = (4x16x2)
SBFD option2 (2 panels)





Indoor office antenna configuration
64 elements =(8x4x2)
64 ports = (8x4x2)
SBFD option2 (2 panels)
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32 elements =(4x4x2)
32 ports = (4x4x2)
TDD

32 elements =(4x4x2)
32 ports = (4x4x2)
SBFD option1 (2 panels)


SBFD antenna configurations in slot with one traffic direction
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[bookmark: _Ref102046456]Figure 2‑6 Adaptive antenna array configuration across subband full duplex slots according to traffic

Observation 6: To further optimize the performance of subband full duplex when traffic is single direction in SBFD slot, TDD-like single panel configuration could be used to improve the beamforming gain. 
Proposal 17: At least for FR2, optionally support adaptive antenna array configuration across slots for the subband full duplex evaluation. According to traffic conditions, separate panels configuration shall be used on the subband full duplex slots with scheduled simultaneous downlink and uplink, and TDD-like single panel configuration shall be used on the dynamic TDD slots with scheduled either downlink or uplink.
Slot structure and UL/DL subband configurations
	Agreement:
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.
Agreement:
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband




In RAN1 meeting, 4 alternatives for the slot format summarized in Table below for both the SBFD and baseline legacy TDD deployment. The SBFD slot (X) can be either configured with {DUD} or {DU} pattern. The number of RBs and for DL subband and guard band will depend on the system BW/SCS and the gNB capability for self-interference mitigation. Assuming a 2% guardband for the SBFD, the table below compare the UL, DL and Guardband (or guard symbols) resources percentile for the SBFD (TDD) respectively. 
Table 6: slot format configuration for SBFD evaluation
	
	Alt-1
	Alt-2
	Alt-3
	Alt-4

	SBFD Slot format
	DXXXU
	XXXXU
	XXXXU
	XXXXX

	SBFD Resource utilization (UL, DL, guard band)
	(32%, 66.8%, 1.2%)
	(36%, 62.4% 1.6%)
	(36%, 62.4% 1.6%)
	(20%, 78% 2%)

	Static TDD Slot format
	DDDSU
	DDDSU
	DDSUU
	DDDSU

	TDD Resource utilization (UL,DL, guard period)
	(20%, 77%, 3%)
	(20%, 77%, 3%)
	(40%, 57%,3%)
	(20%, 77%, 3%)



Comparing the UL and DL resources for the four alternatives, only Alt-4 achieve fair comparison in terms of UL, DL and guard (band or period) resource utilization for both SBFD and TDD. Alt 3 is also very close in terms of similar resource utilization between SBFD and TDD. 
Observation 7: Alt 4 and Alt 3 represent fair comparison between SBFD and TDD in terms of DL and UL resources.
From the UE perspectives in SBFD slot, all slots can be considered as flexible slot. gNB by dynamic scheduling can grant UE UL/DL transmission or reception in UL/DL subband.  For DL CSI acquisition, gNB can utilize few symbols within a slot for wideband UL SRS reception. Similarly, few symbols can be used for wideband DL CSI-RS transmission.
Observation 8: For SLS evaluation, SBFD is transparent to the UE where all slots are flexible from UE perspective. gNB dynamically schedules the UE within the UL or DL subbands of the SBFD slot. 
· Full band CSI (SRS and CSI-RS) can be enabled at some non-SBFD symbols 


For FR2, for legacy TDD deployment scenario (and dynamic TDD) and subband full duplex deployment scenario, it makes sense to support periodic reserved DL-only slots and UL-only slots for common control channels. For example, assume SSB periodicity is 20ms and there are 32 SSBs, with two SSBs configured per slot, it needs at least 16 DL slots to transmit all SSBs in every 20 ms / 160 slots (SCS = 120 kHz). Consider the defined slot format has a repeated slot pattern of every 5 slots, could round the 16 SSB slots up to 20 slots reserved as DL-only slots for SSB transmissions. Similarly, assume RO periodicity is 160 ms / 1280 slots (SCS = 120 kHz) with configuration of ssb-perRACH-Occasion = 1, with 2 ROs configured per slot, it needs at least 16 slots for all ROs in every 160 ms / 1280 slots. Same as SSB, could round the 16 RO slots up to 20 slots reserved as UL-only slots for PRACH transmissions. The rest of the slots of every 20 ms / every 160 ms could follow the defined legacy TDD or subband full duplex slot format, as illustrated in Figure 2-3. 
For subband full duplex deployment scenario, in the periodic reserved DL-only slots and UL-only slots, baseline option for the base station could be no simultaneous data transmission on the opposite direction. The first extension option could be to allow simultaneous DL data transmission on the periodic reserved RO UL slots. The second extension option could be to also allow simultaneous UL data transmission on the periodic reserved SSB DL slots.
[image: ]
Figure 2‑7 Periodic reserved DL-only slots and UL-only slots for common control channels for FR2

Proposal 18: For FR2, for legacy TDD deployment scenario and subband full duplex deployment scenario, 
· Support periodic reserved DL-only slots and UL-only slots for common control channels
· E.g. 20 slots per 20 ms for SSB, 20 slots per 160 ms for PRACH

For the DL and UL subband full duplex, there could be different UL and DL subbands slots configurations as shown in Figure 2‑8. For example, there could be one DL subband and one UL subbands or multile UL/DL subbands. For example, to enable inter-operator coexistence and align traffic direction at edge of the channel, the dual DL subbands at edge + UL in middle or dual UL subbands edge + DL subbands are essentials.  


[bookmark: _Ref102048670]Figure 2‑8: Different UL/DL subbands configuration within the SBFD slot
For SLS evaluation, the DL heavy SBFD slots (UL subband in middle) could be used as baseline. In general, for DL and UL subbands configuration, assume ND is the number of RBs for DL subbands, NU is the number of RBs for UL subbands, NG is the number of RBs for the guard gap between the DL and UL subbands. Therefore, ND + NU + NG is the total bandwidth and are configurable. 
A typical configuration is 4 to 1 splits of the frequency resource between DL: UL subbands. Assuming symmetric split of the two DL subbands, this will map to ~40% RBs for each of the two DL RBs (ND=2x~40% RBs) and ~20% RBs for UL RBs in the middle (NU=~20% RBs) and guard band in between each DL and UL subbands as illustrated in Figure 2‑9. The number of guard bands could be N or 0 RB between each DL and UL subbands (NG=2xN or 0 RB). 
Other DL and UL subbands configuration options could also be considered as optional configurations, e.g. DL subband in the middle and two UL subbands on the sides configuration or single DL subband and single UL subband configuration for subband full duplex. 
For FR2, with narrower beams, support fully overlapping DL and UL configuration for in-band full duplex as another option for evaluation, in which case frequency resources can be more efficiently utilized. In the fully overlapping DL and UL configuration, N1=N2 and N3=0. Initial performance evaluation results in section 2.3.2 for FR2 will show the performance gain with fully overlapping DL and UL.
The number of guard band RBs between the DL and UL subbands could be a soft threshold. The larger the guard band, the smaller the “flat” residual interference we will model, and vice versa. N RBs or 0 RB could be the choices for the number of guard band RBs. The exact residual interference level will change accordingly.
[image: ]GB: NG RBs
UL SB: NU RBs
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[bookmark: _Ref102048956]Figure 2‑9 DL/UL band configuration

Proposal 19: For subband full duplex deployment scenario, support configurable ND RBs DL subbands, NU RBs UL subbands and NG RBs as the gap between the DL and UL subbands
· Option 1: Support ~40% RBs for each of the two DL subbands (ND=2x~40% RBs) and ~20% RBs for UL subband in middle (NU=~20% RBs) and N RBs guard band in between
· N or 0 RB for the gap between DL and UL subbands (N3=2xN or 0 RB)
· Option 2: For FR2, support fully overlapping DL/UL band configuration (ND=NU=entire BW and NG=0)

[bookmark: _Ref101856282]Self-interference modelling
Direct leakage
The amount of residual self-interference into the UL subband depends on the Tx power of the DL signal, the value of spatial isolation and the frequency isolation as explained in  Figure 2‑10. In addition to spatial and frequency isolation, gNB receiver may deploy some digital cancellation technique and/or beamforming to reduce the amount of the residual self-interference including clutter reflections. A detailed discussion on mitigation techniques of self-interference is presented in our paper of subband full duplex feasibility [2]. A first order approximation is to model the residual interference as fixed value across the UL subband. 



[bookmark: _Ref101912132]Figure 2‑10 Self interference leakage into the UL subband

Observation 9: The amount of residual self-interference depends on gNB spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation. 

Proposal 20:  The residual self-interference at gNB receiver is modelled as fixed value across the UL subband and is given by   
· where  is the overall self-inference reduction capability of the gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation. 
· FFS: Frequency selective residual self-interference modelling. 

Clutter reflection
In addition to the direct leakage, there could be some clutter reflection from objects or reflector that are near-by the base-station. The strength of these clutter reflections depends on the locations of these clutters, the orientation and the reflection coefficients which is mainly characterized by the RCS (Radar cross section). Clutter reflections could be very high as large as direct leakage when large reflector is nearby the gNB. In other scenarios, the reflected power from the clutter could be small and can be ignored. 


Figure 2‑11 Clutter echo
Near field self-interference with direct leakage most likely is not beam-dependent. However, far field clutter reflection shall be beam-dependent. 
Consider there is no existing clutter model, to reduce the RAN1 efforts on agreeing on the clutter model assumption, at least for FR2, a simplified statistically clutter modeling can be considered for subband full duplex evaluation. For example, instead of exact clutter drop, clutter reflected paths can be modeled statistically. Individual reflected path could have random strength and AoA, within certain angular range distributed around the Tx beam direction, as illustrated in Figure 2‑12. The signal transmitted from the Tx beam is reflected from objects or reflectors and absorbed by the Rx beam of the base station. 
Observation 10: There is no 3GPP model for clutter modelling. 
Observation 11:  Exact clutter modelling is complicated and may drain RAN1 time and efforts. 
 

[image: ]
[bookmark: _Ref102054154]Figure 2‑12 FR2 statistical clutter modeling

The simplified clutter model shall be an intra-serving-gNB clutter model and will have no impact on other links with other gNBs and other UEs in the network as shown in Figure 2-9. No new AoD paths are added between Tx and Rx of the serving gNB. For simplicity, support taking existing AoD paths and adding reflections with new AoAs with the same direction of existing AoD angles to this serving gNB only.
Observation 12: A statistical clutter model based on statistics of clutter strength and AoA is simple model.

[image: ]
Figure 2‑13 Intra-serving-gNB clutter model
Proposal 21: At least for FR2, for subband full duplex deployment scenario, simplified statistical clutter modelling can be considered based on statistics of cluster power and AoA. 
Proposal 22: For subband full duplex deployment scenario, simplified statistical clutter modelling shall be intra-serving-gNB model and shall have no impact on other gNBs and UEs in the network. 

[bookmark: _Ref101856286]Cross-link interference modelling (inter-gNB and inter-UE)
	Agreement:
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modelled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).




Figure 2-10 shows the differences of cross-link interference modelling on legacy static TDD deployment scenario, dynamic TDD deployment scenario, subband full duplex scenario and fully overlapping full duplex deployment scenario. There is no inter-gNB CLI and inter-UE CLI in legacy static TDD scenario. With evolution to dynamic/flexible TDD, there is inter-gNB CLI and inter-cell inter-UE CLI, which could reuse existing inter-gNB CLI modelling and inter-UE CLI modelling in TR 38.802/38.901. With evolution to subband full duplex, there is inter-subband inter-gNB CLI and inter-subband both inter cell and intra cell inter-UE CLI, RAN1 needs to agree on the inter-subband interference model for evaluation. With further evolution to fully overlapped full duplex, there is in-band inter-gNB CLI and both inter cell and intra-cell inter-UE CLI, could reuse existing inter-gNB CLI modelling and inter-UE CLI modelling in TR 38.802/38.901.
Observation 13: RAN1 needs to agree on the inter-subband cross-link interference model for subband full duplex evaluation.
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Figure 2‑14 CLI modelling in static TDD, dynamic TDD, SBFD and fully overlapped FD.

Inter-gNB inter-subband CLI model
	Agreement:
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications



It was discussed in the last meeting whether and how to update the LOS probability when reusing gNB-UE channel for gNB-gNB channel modeling. As it is important to have realistic modeling of the inter-gNB channel, RAN1 should be careful on how to update the LOS probability with realistic assumption. A very high LOS probability will cause larger interference between gNB while very low LOS probability may underestimate some real problem. Also, this may affect the solutions to handle the inter-gNB CLI. 
Observation 14: LOS probability will have large impact on the inter-gNB CLI and any candidate solutions. 
An accurate modeling of the LOS probability requires some validation from real-time deployment which is not present currently. RAN1 could consider a baseline solution based on the current LOS probability. And an additional option method of updating the LOS equation (e.g. coefficient or fixed value for nearby gNBs) targeting higher LOS probability. 
Proposal 23: Consider the current LOS probability equation as the baseline. 
· Optional: higher LOS probability (e.g. changed some coefficient or use fixed value for nearby gNBs)
Co-channel inter-site Inter-gNB CLI modelling
 [image: ]
Figure 2‑15: inter-gNB CLI modeling

For DL-Tx signal: both large-scale and small-scale channel modeling for the RBs in DL subband should be considered. It is important to model the small-scale fading to realistically reflect the spatial direction based on inter-gNB channel and DL precoder. Based on the DL precoder of the aggressor gNB, there will be some beamforming or nulling at the direction between the two gNB. At the gNB Rx side, Aspect 2 (receiver selectivity) should apply for gNB receiver.
For DL-NL which is caused by IMDs. Aspect 1 (Tx leakage ratio) at the transmitter side of the gNB (e.g. 45 dBc for FR1) should apply. The important aspect is how to model the small scaling fading for the NL part. It was discussed in the literature [7] that the OOB NL from large array system can be beamformed depending on the spatial direction of the DL transmission.
Observation 15: The DL non-linearity caused by IMDs may have some directionality depending on the number of DL spatial beams.
Observation 16: It is important to consider both large-scale and small-scale fading’s when modelling the inter-gNB channel and CLI to get accurate modelling of the spatial beamforming gains or nulls.
Proposal 24: For the modelling of inter-gNB channel and CLI, consider both large-scale and small-scale for both component of the DL-Tx and DL-NL. 
· For DL-Tx, first apply large-scale and small scale of DL-Tx and aspect 2 (Rx selectivity)
· For DL-NL, first apply Aspect 1 (Tx leakage ratio) and then apply both large-scale and small-scale fading. 

Inter-UE inter-subband CLI modelling
In the last RAN1 meeting, two options were discussed for the modelling of inter-UE channel. 
	For UE-UE channel model, down-select
· Option 1: Reuse the gNB-UE 5GCM in TR 38.901 with necessary modifications for both FR1 and FR2, similar as the UE-UE channel model for flexible duplex evaluation in TR38.802 for FR2.
· For Indoor hotspot, reuse the gNB-UE 5GCM Indoor-office in TR38.901, and for Dense urban and Urban macro, reuse the gNB-UE 5GCM Umi-Street canyon in TR38.901 with necessary modification, e.g., 
· Replacing the gNB’s antenna height with UE’s antenna height, updating ASD and ZSD.
· FFS: Other details and necessary modifications.
· Option 2: Reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 with necessary modifications.



For accurate inter-UE channel modelling, especially PL computation, it is best to reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 with necessary modifications. There are two concerns on extending gNB-UE channel in 38.901. First, the pathloss equations in 38.901 are based on certain applicability range of base station height. In addition, the UMa/UMi models consider a minimum distance between gNB and UE as 35/10m which is not valid as inter-UE distance could be small as <1m. 
Observation 17: Inter-UE pathloss computation based on leveraging gNB-UE model in 38.901 is not accurate.
· The pathloss equations in 38.901 are based on certain applicability range of base station height which not suitable for UE.
· The UMa/UMi PL models consider a minimum distance between gNB and UE as 35/10m which is not valid as inter-UE distance could be small as <1m.

Proposal 25:The UE-to-UE channel can be modelled by leveraging the UE-UE channel model for flexible duplex evaluation in TR in 38.802.
For modelling the inter-CLI, there are two components; the UL Tx signal and UL Tx-NL caused UE PA non-linearity. For UL-Tx signal: both large-scale and small-scale channel modeling for the RBs in UL subband should be considered. Then, UE selective (if any) is applied. UE selectivity may not be considered as baseline assumption as it is currently non available in current commercial UEs. For UL Tx-NL which is caused by IMDs. Aspect 1 (Tx leakage ratio) at the transmitter side of the gNB (e.g. 30 dBc for FR1) should apply. Then, given that most UEs are one or two Tx antennas, it is not important to model the small-scale fading. 


 
Figure 2‑16: inter-UE CLI modeling

Proposal 26: For the modelling of inter-UE channel and CLI, consider both large-scale and small-scale for both component of the UL-Tx and only large-scale fading for Tx-NL. 
· For UL-Tx, first apply large-scale and small scale of DL-Tx and then aspect 2 (Rx selectivity if any).
· For UL-NL, first apply Aspect 1 (Tx leakage ratio) and then large-scale fading (FFS: small scale fading)


Detailed system level simulation assumptions for FR1 and FR2
We provide common baseline simulation assumptions for both FR1 and FR2 for both full duplex and dynamic/flexible TDD evaluations in Table 7. The baseline results are evaluated under various scenarios. Detailed FR1 and FR2 specific simulation parameters are provided in following sessions.
[bookmark: _Ref102054703]Table 7 common SLS assumptions for FR1 and FR2 for full duplex and dynamic/flexible TDD evaluations
	TDD Configuration 
	Option 1: DDDSU (Preferred)
Option 2: DDDUU
 Note: Detailed S slot format is 10D:2F:2U. (F=gap)
Note: For option 2, there is a 2-symbol gap at the end to third "D" slot of DDDUU

	Scheduler
	SU/MU-MIMO PF scheduler (company to report SU or MU),
other scheduler (e.g., delay aware scheduler) is up to companies report

	Channel Estimation /CSI acquisition
	Realistic
Both CSI feedback and SRS are considered
Companies should report 
-	CSI feedback delay, CSI report periodicity, whether using CSI quantization, CSI error model or not,
-	Assumptions on SRS: periodicity, processing gain, processing delay, etc
Note: Companies may optionally use ideal channel estimation 

	PHY processing delay
	Baseline: UE PDSCH processing Capability #1 
Companies should report gNB processing delay, e.g. DL NACK to retransmission delay, UL previous transmission to current transmission delay and etc.

	PDCCH overhead
	Companies should report

	DMRS overhead
	Companies should report

	Target BLER
	Companies should report

	Max HARQ transmission
	Companies should report

	Power control parameter
	Companies should report

	Transmission scheme
	Companies should report 



 FR1 SLS assumptions
The detailed proposed simulation parameters in Table 8 for FR1 subband full duplex evaluation for UMa, Umi and InH deployment scenarios.
Proposal 27: RAN 1 shall consider simulation parameters in Tables 7, and 8 for FR1 full duplex evaluation.
[bookmark: _Ref102054713]Table 8 Full duplex specific simulation parameters for FR1
	Parameter
	Deployment Scenarios

	
	UMa (38.913 w/ following parameters)
 500 ISD
	UMi (38.913 w/ following parameters)
 200 ISD
	Indoor Hotspot (38.901) w/ following parameters)

	Layout 
	21 cells with wraparound ISD: 500m
	21 cells with wraparound ISD: 200m
	120m x 50m
ISD: 20m
12 sites, 1 sector per cell site

	Channel Model
	UMa (38.901)
	UMi (38.901)
	InH (38.901)

	UE Distribution 
	80% indoor, 20% outdoor
Note: Other UE distribution can be evaluated optionally.
	100% indoor

	UE Mobility
	3 Km/hr

	Carrier frequency
	4.0 GHz

	System bandwidth
	100 MHz

	Subcarrier spacing
	30 kHz

	gNB height
	25m
	10m
	3m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m
	1.5 m 

	Open-loop power control
	Default: p0=18dB, alpha=0.8

	gNB/UE TX power
	gNB: 45dBm, UE: 23dBm
	gNB: 23 dBm, UE: 23dBm

	gNB antenna configuration (Option 1)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(4,16, 2, 1, 1, 2,16, 0.8, 0.5).
 64 ports (32 Tx +32 Rx) 

	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(4, 4, 2, 1, 1, 4, 4, 0.5, 0.5). 32 ports (16 Tx + 16 Rx)


	gNB antenna configuration (Option 2)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(8,16, 2, 1, 1, 4,16, 0.8, 0.5). 
128 ports (64 Tx +64 Rx)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)
(8, 4, 2, 2, 1, 8, 4, 0.5, 0.5). 64 ports (32 Tx + 32 Rx)

	gNB antenna configuration (TDD)
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4,16, 2, 1, 1, 2,16, 0.8, 0.5). 64 ports/TxRu
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 1, 4, 4, 0.5, 0.5). 32 ports

	Antenna element Gain
	8 dBi
	5 dBi

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports
2 Tx, 4Rx
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 
4 ports ( 2Tx , 4 Rx)

	Resource blocks
	272 RBs - DL: Edge 204RBs, UL: Center 56RBs, GB:12RBs

	Slot structure (SBFD)
	For FD gNB slot pattern (Alt 4):  XXXXX (X=FD=D+U+D); TDD: DDSU
Downlink subband (symbols): 11 DL, 1 Guard, 1 UL
Uplink subband (symbols): 2 DL, 1 Guard, 11 UL

	Inter-UE channel and CLI model
	· A.2.1.2 of 36.843 is used to model UE to UE links 
· In A.2.1.2 , InH model is used for Indoor-Indoor
· When UE to UE distance is greater than 50m, the UEs are assumed to be in different buildings and dual O2I building penetration loss is modeled.
· When UEs are assumed to be in the same building, additional floor loss can optionally be added to model UEs on different floors 
· Other parameters from 38.901
· Inter-subband leakage ratio: 30 dB/20MHz (flat)

	Inter-gNB CLI model
	· 38.802 (NR Rel 14 SI) assumptions for Flexible Duplex study (Table A.2.1-11: Evaluation parameters specific to flexible duplex)
· O2I Losses (No Loss)
· Angular spread Params: ASA = ASD, ZSA = ZSD
· Other LOS/NLOS parameters from 38.901
· Inter-subband leakage ratio: 45 dBc/20 MHz (flat)

	Intra-gNB CLI
	· Spatial isolation plus Digital NLIC = 90 dB
· Frequency isolation: 45 dBc/20MHz
· Total Isolation = Spatial Isolation + NLIC + freq. isolation  = 135 dB

	Metric
	DL/UL User Perceived Throughput and DL/UL transfer time

	Traffic model
	Medium Load: Each gNB serves 5 DL UEs and 5 UL UEs.
Bidirectional Poisson (FTP model 3 traffic). 
DL: 75 files/sec/UE, 20KB/file. UL: 300 files/sec/UE, 1KB/file 

High load: Each gNB serves 5 DL UEs and 10 UL UEs.
Bidirectional Poisson (FTP model 3 traffic). 
DL: 125 files/sec/UE, 20KB/file. UL: 300 files/sec/UE, 1KB/file
	(Mid-high load): Each gNB serves 5 DL UEs and 10 UL UEs.
Bidirectional Poisson (FTP model 3 traffic). 
DL: 200 files/sec/UE, 20KB/file. UL: 300 files/sec/UE, 1KB/file.



FR2 SLS assumptions
We provide baseline simulation parameters in Table 7, Table 3 and Table 10 for FR2 full duplex evaluations. The baseline results are evaluated under various scenarios. Table 1 provides common simulation assumptions for FR1 and FR2 for full duplex and dynamic/flexible TDD evaluations. Table 3 provides the common simulation parameters for full duplex and dynamic/flexible TDD evaluations. Table 4 provides full duplex specific simulation parameters. 
Proposal 28: RAN 1 shall consider simulation parameters in Tables 7, 9, and 10 for FR2 full duplex evaluation.
Table 9 Common parameters for full duplex and dynamic/flexible TDD evaluations for FR2
	Parameter
	Deployment scenarios

	
	UMa (38.913 w/ following parameters)
200 ISD
	UMi (38.913 w/ following parameters)
100 ISD
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-1
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-2

	Layout
	21cells with wraparound
ISD: 200m
	21cells with wraparound
ISD: 100m
	120m x 50m
ISD: 20m
TRP numbers: 12

	Channel Model
	UMa(38.901)
	UMi(38.901)
	InH(38.901)

	UE Distribution 
	For indoor scenario: 100% indoor
For outdoor scenario: 100% outdoor
Note: Other UE distribution can be evaluated optionally.

	Carrier frequency
	30 GHz
	30 GHz
	60 GHz

	Subcarrier spacing
	120 KHz
	120 KHz
	120 KHz 

	BS height
	25m
	10m
	3m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m
	1.5m

	BS noise figure
	7 dB

	UE noise figure
	13 dB

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	UE speed
	3 km/hr

	MCS
	Up to 256QAM

	BS antenna pattern
	3-sector antenna radiation pattern, 8 dBi
	Ceiling-mount antenna radiation pattern, 5 dBi

	UE Antenna Pattern
	UE antenna radiation pattern model 1, 5dBi

	UE Antenna Configuration 

	(Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
(M, N, P)=(1, 4, 2), 3 panels (left, right, top)
	(M, N, P)
=(1, 4, 2), 
3 panels (left, right, top)
	(M, N, P)
=(2, 8, 2), 
3 panels (left, right, top)

	Downtilt
	Not specified
	90° (pointing to the ground)
 
Note: Other down tilt values can also be optionally evaluated

	BS Transmit Power
	40 dBm per 80 MHz. EIRP should not exceed 73 dBm 
Note: For system BW larger than above, Tx power scales up accordingly.
	EIRP should not exceed 60 dBm
 
	23 dBm per 80 MHz. EIRP should not exceed 58 dBm
 
Note: For system BW larger than above, Tx power scales up accordingly.
	EIRP should not exceed 40 dBm
 

	UE max Tx power
	23dBm, maximum EIRP 43 dBm

	System Bandwidth
	Single Carrier Evaluations:
-	Option 1: 100 MHz (FR2-1)
-	Option 2: 400 MHz (FR2-1 and FR2-2)
CA Evaluations: Companies should report the CA system bandwidth if CA is configured.
Note: Other system bandwidths can also be optionally evaluated

	Metric
	DL/UL UPT and DL/UL transfer time

	Traffic model
	Poisson traffic model:
DL: K MB/file and offered system load of 30% and 50% average across all cells for TDD
UL: M MB/file and offered system load of 30% and 50% average across all cells for TDD

	Inter-UE CLI model
	Existing inter-UE model in 38.901

	Inter-gNB CLI model
	Existing inter-gNB model in 38.901



[bookmark: _Ref102055111]Table 10  Full duplex specific simulation parameters for FR2
	Parameter
	Deployment scenarios

	
	UMa (38.913 w/ following parameters)
200 ISD
	UMi (38.913 w/ following parameters)
100 ISD
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-1
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-2

	Slot format for FD

	For FD gNB slot pattern: XXXXX (X=FD=D+U)
[SSB, RO slots reserved without data transmission as baseline] 
For legacy HD gNB slot pattern: DDDSU

	DL/UL subbands and guard band for FD

	Option 1: ~40% RBs for each of the two DL SBs and ~20% RBs for UL SB in middle
Option 2: Fully overlapping DL/UL 
(N or 0 RBs as GB in between up/down DL and UL)

	Antenna Configurations

	FD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1) per direction
TDD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,16,2,2,2;1,1) - proposal
(dH, dV) = (0.5λ, 0.5λ)
	FD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2,1,1;1,1) per direction 
TDD: 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2,1,1;1,1)
 (dH, dV) = (0.5λ, 0.5λ)


	SI model
	Simplified clutter modeling can be considered based on statistics of AoA and strength.



Performance evaluation
FR1 Performance Evaluation
In this section, we show the SBFD evaluation results for FR1 Macro and Indoor deployment. Detailed system assumptions are listed in Table 8. In the following section, the plots capture the downlink and uplink performances. Performance metrics are DL/UL UPT and latency. The legends “SBFD Opt 1” corresponds to Antenna configuration of SBFD Option1. “W/O CLI” and “With CLI” correspond to “without crosslink model” and “with inter-gNB and inter-UE cross link model” respectively. “W/O CLI” already accounts for self-interference.
In case of Downlink User Perceived Throughput (UPT), gNB CLI would be contributor for loss in performance captured in “WithCLI”. UE CLI will not affect the downlink performance. Similarly, in Uplink UPT, UE CLI would be contributor for loss in performance captured in “WithCLI” and gNBCLI will not have any effect on it.
Indoor Office Deployment  
Figure 2‑17 and Figure 2‑18 show the downlink UPT and uplink UPT respectively. In each figure, the performance of SBFD using option 1 and option 2 is compared against baseline TDD. 
[image: ]
[bookmark: _Ref111136980]Figure 2‑17 Downlink User Perceived Throughput (Median)
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[bookmark: _Ref111136982]Figure 2‑18 Uplink User Perceived Throughput (Median)

Downlink Perceived throughput of TDD is better than SBFD because SBFD has half the total number of antenna ports for DL transmission which may cause up to 6 dB performance loss as compared to TDD. Option 2 uses antenna size same as TDD for serving downlink. But it is twice as large as compared to option1. The increase in the downlink perceived throughput in downlink reflects the gain as compared to option1.
SBFD option2 exhibits more gain as compared to static TDD because there is a downlink portion of bandwidth in every slot, whereas in TDD (DDDU) pattern is followed. There is downlink blocking in the U slot which accounts for the reduction in perceived throughput. 
Observation 18: DL perceived throughput of SBFD InH Option1 is lower than TDD. However, SBFD InH option 2 outperforms TDD due to increases antenna size and reduced blocking (reduced downlink duty cycle in SBFD)
The downlink transmission to a UE is expected to be hindered by a neighboring uplink UE in dense Indoor deployment. Since the coupling loss in UE-UE links are lower than gNB-UE links. But the downlink is not affected by the neighboring uplink UEs because the UEs are transmitting with very low power, due to transmit power control. UE cross link could be a problem in a heterogeneous layout, where one of two indoor UEs could connect to a macro while the other connecting to the InH. The UE connected to macro operating at high transmit power could cause interference to the downlink reception of the adjacent UE.
Observation 19: UE cross link did not impact the dense indoor layout due to the transmit power control.
For the UL performance, the Impact of the inter-gNB cross link interference is very low because the InH nodes are ceiling mounted, their antennas are pointing towards the ground. Such a layout avoids the LOS condition between any pair of gNBs. Hence higher coupling loss between gNBs. Also, lower Transmit power at the InH adds to the effect of lower cross link. 
Observation 20:  Inter-gNB cross link interference has minimal impact on the uplink SBFD performance. The impact is very low due to InH nodes being ceiling mounted and their antennas are facing downwards.
In addition, it can be observed that the uplink performance of SBFD is not affected by self-interference since the isolation between Tx and RX is assumed to be 135 dB (90 dB of panel isolation and NLIC + frequency isolation 45 dB). But when the clutter is modelled the isolation would be reduced and the impact on DL could be observed. 
Observation 21: Considering the large spatial isolation and low Tx power for InH, the self-interference is not a problem for uplink reception. However, this is based on clutter modeling which may cause a significant impact on UL.
Proposal 29: RAN1 to study clutter modelling for realistic outcome of SBFD evaluation. 

Urban Macro Deployment
In this section, we discuss initial performance evaluation for the subband full duplex deployment in urban macro scenario. In this setup, the system simulations setup is summarized in Table 8. The baseline scenario is TDD deployment with DDDU slot format while all slots are full duplex slots for the SBFD deployment. The subband full duplex is divided in to two DL subband with 102 RBs each and one center UL subband of 56RBs with 6 RBs guard at each side as explained in Figure 2‑19. For the SBFD, both intra-gNB self-interference and inter-gNB self-interference were modelled following the description in section 2.3.5 and section 2.3.6 respectively. The BS has Tx power of 45 dBm over the 100 MHz system BW.


[bookmark: _Ref102124034]Figure 2‑19 UL and DL subbands configuration
UMa system level evaluation is performed under two different loads. Medium Load with resource utilization of 20-30% and High Load with resource utilization of 40-50%.  The Evaluation is targeted to observe the change in UPT gain of SBFD with respect to the load. Also, to derive insights in terms of coverage improvements/losses. In this analysis, we evaluate the impact of inter-gNB CLI on both DL and UL performance in terms of DL and UL User perceived throughput and UL transfer time. It is worth mentioning, no solutions for handling inter-gNB CLI were modelled in this system evaluation. 

High load scenario
 [image: ]
[bookmark: _Ref111057727][bookmark: _Ref111057082][bookmark: _Ref111195461]Figure 2‑20 Downlink User Perceived Throughput (Median): High Load Scenario
 [image: ]
[bookmark: _Ref111195916]Figure 2‑21 Uplink User Perceived Throughput (Median): High Load Scenario

In Figure 2‑20, Similar to InH, there is difference in the downlink UPT between option 1 and option 2 “Without Cross Link” due to change in the antenna panel size. Unlike InH, “With CLI” in UMa layout experiences additional losses in both option1 and option2. The additional losses arise because of the UE cross link Interference.  A downlink UE experiences a high cross link interference from a neighboring uplink UE transmitting at higher power. 
Observation 22: Like InH, SBFD Option 1 experiences lower downlink UPT as compared to TDD in UMa Layout, due to reduction in the antenna size
Observation 23: Option 2 “without inter-UE CLI” case exhibits similar DL UPT of TDD for a fraction of UEs, and outperforms TDD for the rest of the UEs because of downlink Duty cycle improvement.
Observation 24: In SBFD Option1 and Option2 “With inter-UE CLI”, degradation in downlink UPT is observed compared to case “w/o inter-UE CLI”

Figure 2‑21 captures the uplink UPT for SBFD and baseline TDD. SBFD “Without CLI” provides higher UPT as compared to TDD because of improved duty cycle in the uplink. It also experiences lower outage because in SBFD “Without CLI” the cell edge UEs get lesser uplink resource in every slot, so they can operate on full power to transmit their uplink packets. Whereas in TDD the UE gets large uplink resources once in 4 slots, which makes them power limited to transmit the packets. SBFD Option 2 “Without CLI” is better than SBFD Option1 “Without CLI” due to the higher antenna gain in the uplink. Both Option1 and Option2 suffer from gNB cross link interference in the uplink reception.
To further understand the observations, Figure 2‑22 captures the Median Uplink Interference Over Thermal (IoT) under high load. The total IoT here refers to the sum of Interference from Intra-gNB (self-interference), Inter-gNB (cross link interference) and Interference from other uplink users. The figure also captures the individual component Inter-gNB IoT, which is the Interference from Inter-gNB CLI. The tail of the total IoT distribution is driven by the Inter-gNB (which is the biggest component). Option 2 experiences lower Inter-gNB IoT as compared to Option1 because, Option 2 has more flexibility to steer the beams in elevation due to large degree of freedom in elevation. This lowers the chances of beams directed to the neighboring gNBs.
[image: ]
[bookmark: _Ref111199018]Figure 2‑22: Uplink Interference Over Thermal (Median): High Load

Observation 25: SBFD “Without CLI” observes gain in the uplink UPT as compared to TDD because of uplink duty cycle improvement. 
Observation 26: Option 2 combats the uplink outage as compared to Option1 in High Load because of the antenna gain.
Observation 27: Option 2 experiences lower gNB cross link interference as compared to Option1 because of increased flexibility to steer the aggressor gNB beams in the elevation.
[image: ]
[bookmark: _Ref111196391]Figure 2‑23 gNB-UE Coupling Loss vs Transfer Time (Median): High Load Scenario

Figure 2‑23 captures the coupling loss (CL) vs Uplink transfer time. This figure can be used as a metric to evaluate the UL coverage gain.  Without considering the inter-gNB CLI, SBFD option1 and option 2 show 4-5 dB coverage gain compared to TDD. With inter-gNB CLI modeling, it was observed that some UEs with good coverage (lower coupling loss) are experiencing higher uplink transfer time as their UL signal is aligned with the direction of other gNB CLI as shown in the figure below.


Observation 28: Without considering inter-gNB CLI, up to 5dB of coverage gain of SBFD is observed compared to TDD. However, with modeling inter-gNB CLI, the UL reception of some UEs are impacted when it is aligned with the inter-gNB CLI. Further inter-gNB CLI mitigation is beneficial to protect UL reception of these UEs. 


Medium load scenario
 [image: ]
[bookmark: _Ref111197408]Figure 2‑24 Downlink User Perceived Throughput (Median): Medium Load Scenario
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[bookmark: _Ref111197409]Figure 2‑25 Uplink User Perceived Throughput (Median) : Medium Load Scenario

Similarly, Figure 2‑24 and Figure 2‑25 show the UL/DL UPT comparing SBFD options 1 and 2 to baseline static TDD for medium load scenario. Most of the observations are almost similar to high-load scenario. However, unlike high load where the tail users are experiencing outage, medium load sustains both uplink and downlink transmission. In case of high load, the network reaches 40-50%, in case of medium load it stays at 20-30%.
Observation 29: The impact of inter-gNB and inter-CLI scales with the traffic load.
Observation 30: The UL outage is reduced with lower traffic load.

FR2 Initial Performance Evaluation
FR2 Initial Performance Evaluation – subband non-overlapping full duplex
In this section, we will provide updated SLS evaluation results for FR2. Both subband non-overlapping full duplex and fully DL/UL overlapping full duplex (for comparison and for future direction/information) are compared with baseline TDD half-duplex SU-MIMO.
We will focus our initial performance evaluation results on deployment case 1 (non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration. 
The results are based on the SBFD subband configuration with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
We used Alt 4 of slot format in the simulation (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
In addition, for evaluation and comparison between SBFD and legacy TDD, regarding antenna elements, two options have been agreed for use.
· Opt 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
We used both options in our simulation and compare the performance results of both options applied to SBFD. 
Note that inter-subband CLI and frequency isolation in subband non-overlapping full duplex is not implemented/modelled in this initial set of performance evaluation results. No guard band in the current simulation results. We will provide the updated results with that in next RAN1 meeting.
The traffic we used in the simulation is FTP3 with sweeping through different DL and UL file sizes.
The main simulation parameters are described for dense urban UMi with 200m ISD deployment scenario. For DL and UL coverage, in this scenario, the BS Tx power is set to be 40 dBm, which results in EIRP of 72 dBm for legacy TDD and 69 dBm for SBFD full array opt 2 and 66 dBm for SBFD half array opt 1. The UE antenna configuration is 2x2 antenna elements. The base station analog beam codebook used for initial performance evaluation is provided same as before in Table 13 and corresponding base station composite codebook is provided same as before in Figure 2‑28 for half duplex SU-MIMO, half duplex MU-MIMO, and full duplex modes. Note that, given the analog beamforming constraint of FR2, we use one UE per TTI scheduling each for DL and UL.
Performance gains of SBFD are heavily dependent on file sizes. A couple of scenarios showed the favorable and non-favorable operating points for SBFD for DL and UL performance. With smaller file size for SBFD, the system serves latency driven traffic more than throughput driven traffic; therefore, significant gains could be seen in latency and perceived throughput with SBFD over legacy TDD. Note that legacy TDD uses DDDSU, where UL opportunity is once in 5 slots only. Similar trend maintains for DL performance; however, DL occupies ~80% of the resources, the exact operating points could be different while the concept of latency sensitivity remains a key factor.
Table 11 shows UL UPT performance results sweeping through different file sizes. Table 12 shows DL UPT performance results sweeping through different file sizes. The results include average cell UPT, median UE UPT and 5-th percentile UE UPT. The loading levels on the simulations are within the range of 42-65% resource utilization per DL or UL direction. We can observe from the result set that: 1) For small file size, SBFD can provide performance gain compared with legacy TDD, especially with full array antenna configuration, i.e. option 2. This conclusion can apply to both DL and UL UPT results; 2) For larger file size, such as 125KB for UL or 500KB for DL, SBFD cannot provide performance benefit any more compared to legacy TDD. 
Table 11  UL UPT results with different file sizes for FR2
	File size/UL UPT (Mbps)
	SBFD Opt2 
Median UE UPT
	SBFD Opt1 
Median UE UPT
	Legacy TDD
Median UE UPT
	SBFD Opt2 
Avg cell UPT
	SBFD Opt1 
Avg cell UPT
	Legacy TDD
Avg cell UPT
	SBFD Opt2 
5% UE UPT
	SBFD Opt1
5% UE UPT
	Legacy TDD
5% UE UPT

	250 B
	1.54
	1.54
	1.13
	1.52
	1.50
	1.04
	1.49
	1.31
	1.03

	2.5 KB
	13.78
	10.74
	10.95
	12.34
	10.57
	9.70
	3.54
	1.4
	0.78

	12.5 KB
	32.09
	23.12
	40.32
	27.63
	19.1
	36.8
	5.44
	2.06
	6.68

	125 KB
	54.94
	36.29
	62.89
	69.77
	48.3
	73.23
	5.34
	2.38
	7.12



Table 12  DL UPT results with different file sizes for FR2
	File size/DL UPT (Mbps)
	SBFD Opt2 
Median UE UPT
	SBFD Opt1 
Median UE UPT
	Legacy TDD
Median UE UPT
	SBFD Opt2 
Avg cell UPT
	SBFD Opt1 
Avg cell UPT
	Legacy TDD
Avg cell UPT
	SBFD Opt2 
5% UE UPT
	SBFD Opt1
5% UE UPT
	Legacy TDD
5% UE UPT

	1 KB
	18.01
	17.92
	17.07
	17.56
	16.92
	16.58
	17.21
	16.42
	16.59

	10 KB
	175.69
	75.93
	166.70
	144.78
	96.6
	135.19
	44.83
	21.16
	35.96

	50 KB
	287.65
	116.21
	322.88
	171.12
	48.69
	194.22
	77.4
	34.51
	74.62

	500 KB
	494.56
	211.5
	521
	358.11
	117
	394.4
	97.66
	49
	107.72



Observation 31: The downlink and uplink perceived throughput both have improved in case of SBFD with smaller file size. This is because duty cycle in SBFD is 100% (i.e., every slot has DL and UL resources), as compared to TDD where DL duty cycle is 80% and UL duty cycle is 20%.  
In below two figures, the DL and UL median UE UPT gain/loss compared with legacy TDD is shown on the two figures for DL and UL separately with each having different file sizes. Based on the trend, we can observe positive gains for small file size cases, but zero or negative gains as the file size increases to be large. For the favorable DL and UL cases, SBFD can provide up to 38% performance gain for UL UPT for small file size such as 250B (as illustrated in Figure 2-27), and SBFD can provide up to 5.8% gain for DL UPT for small file size such as 1KB and 10KB (as illustrated in Figure 2-28) compared with legacy TDD. In the UL UPT figure, we also include results for both high load and low load with same small file size and with both antenna configuration options, both loading levels and both options can achieve good performance gain in terms of UL UPT with small file size.
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Figure 2‑26 DL and UL UPT gain/loss over legacy TDD on different file sizes

[image: ]
Figure 2‑27 DL UPT over legacy TDD with file size 10KB.
[image: ]
Figure 2‑28 UL UPT over legacy TDD with file size 250B.

Observation 32: For the favorable DL and UL cases, SBFD can provide up to 46% performance gain for UL UPT for small file size such as 250B, and can provide up to 11.5% gain for DL UPT for small file size such as 10KB compared with legacy TDD. In addition, both high and low loading levels and both antenna configuration options can achieve good performance gain in terms of UL UPT with small file size.

FR2 Initial Performance Evaluation – fully overlapping full duplex
Initial performance evaluation results are provided for FR2. In this set of performance results, fully overlapping DL and UL band configuration for full duplex is used in the simulation setup. We provide fully overlapping full duplex performance results compared with baseline TDD half-duplex SU-MIMO and half-duplex MU-MIMO results. The flat fading self-interference model with a range of self-interference isolation values is used in the initial performance evaluation. Inter-UE CLI and inter-gNB CLI are both simulated with reusing the models in TR 38.901. The base station antenna array has the same number of total antenna elements for half duplex SU-MIMO, half duplex MU-MIMO and full duplex modes, as illustrated in Figure 2‑29.
[image: ]
[bookmark: _Ref102055375][bookmark: _Ref102055370]Figure 2‑29 base-station antenna panels configuration in TDD SU-MIMO, MU-MIMO and FD modes

The main simulation parameters for initial performance evaluation of UMi deployment scenario are provided in Table 20 in the appendix.
For dense urban deployment scenario for FR2, the base station analog beam codebook used for initial performance evaluation is provided in Table 13 and corresponding base station composite codebook is provided in Figure 2-30 for half duplex SU-MIMO, half duplex MU-MIMO and full duplex modes.
[bookmark: _Ref102055480]Table 13 UMi base station analog beams in TDD SU-MIMO, MU-MIMO and FD modes for FR2
	
	Azimuth Angles
	Elevation Angles

	32x8 – for HD-SU

	-60̊ to 60˚, at 5.6˚ separation
	101˚ to 146˚, at 22.5˚ separation

	32x4 – for FD and HD-MU

	-60̊ to 60˚, at 5.6˚ separation
	112.5˚ and 135˚, at 22.5˚ separation



[image: ]
[bookmark: _Ref102055528]Figure 2‑30 base-station analog beam codebook in TDD SU-MIMO, MU-MIMO and FD modes
Figure 2-31 shows the downlink user perceived throughput (UPT) results with low load bursty traffic for baseline half-duplex SU-MIMO, half-duplex MU-MIMO and full duplex modes. For full duplex simulations, different curves represent different simulation runs with different parameterized values of self-interference isolation.
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Figure 2‑31 DL UPT with low load for TDD SU-MIMO, MU-MIMO and FD modes

The DL performance is impacted by UE-UE CLI and gNB-UE interference in a direct sense. Self-interference on the other hand increases UL load, consequently affecting DL performance via increase CLI hence causing an indirect impact.
Observation 33: The downlink perceived throughput for low load bursty traffic has ~2.6x performance gains compared with half duplex SU on the median DL UPT and ~2x performance gains compared with half duplex MU on the median DL UPT. The gains are largely a product of increased time domain resources and reduced transmission latencies enabled by full duplex. 
Observation 34: The downlink perceived throughput for low load bursty traffic could achieve better performance with 110 dB or better self-interference isolation value with good isolation.  
Figure 2-32 shows the downlink user perceived throughput (UPT) results with high load bursty traffic for baseline half-duplex SU-MIMO, half-duplex MU-MIMO and full duplex modes. For full duplex simulations, different curves represent different simulation runs with different configured self-interference isolation values.
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Figure 2‑32 DL UPT with high load for TDD SU-MIMO, MU-MIMO and FD modes
Observation 35: The downlink perceived throughput for high load bursty traffic has ~3.6x performance gains compared with half duplex SU on the median DL UPT and ~1.6x performance gains compared with half duplex MU on the median DL UPT. The sources of gain include the increased time domain resources (slot format of DDDDUUUU is used for baseline TDD half-duplex simulations) as well as decreased latencies due to slot format flexibility of full duplex. Larger performance gains are observed over baseline half duplex SU at high load system. 
Observation 36: The downlink perceived throughput for high load bursty traffic could achieve better performance with 110 dB or better self-interference isolation value with good isolation.  
Observation 37: Full duplex will improve the DL perceived throughput for both low load and high load systems and larger gains can be achieved at high loads.  
Observation 38: Better isolation at the base station for full duplex mode can boost the downlink performance gain.
Figure 2-33 shows the uplink user perceived throughput (UPT) results with low load bursty traffic for baseline half-duplex SU-MIMO, half-duplex MU-MIMO and full duplex modes. For full duplex simulations, different curves represent different simulation runs with different configured self-interference isolation values.
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Figure 2‑33 UL UPT with low load for TDD SU-MIMO, MU-MIMO and FD modes

UL performance is directly affected by gNB-gNB CLI, UE-gNB and self-interference. Self-interference impacts UL directly at the gNB Rx.
Observation 39: The uplink perceived throughput for low load bursty traffic has ~2x performance gains compared with half duplex SU on the median DL UPT. The main sources of gain are the increased (2x) time domain resources as well as the slot format flexibility offered by full duplex (DDDDUUUU is used for baseline TDD half-duplex simulations).
Observation 40: Compared to DL, where the self-interference impact is indirect, UL is more sensitive to self-interference and isolation of 120 dB is needed to achieve ideal full duplex performance.  
Observation 41: MU performance is limited at low loads by the availability of UEs to schedule (dynamic) while the SINR cost/loss is fixed due to half the array gain.  
Figure 2-34 shows the uplink user perceived throughput (UPT) results with high load bursty traffic for baseline half-duplex SU-MIMO, half-duplex MU-MIMO and full duplex modes. For full duplex simulations, different curves represent different simulation runs with different configured self-interference isolation values.
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Figure 2‑34 UL UPT with high load for TDD SU-MIMO, MU-MIMO and FD modes

Observation 42: There are similar observations for the uplink perceived throughput for high load bursty traffic. Larger performance gains are observed over baseline half duplex SU at high loads. 
Observation 43: Full duplex will improve the UL perceived throughput for both low load and high load systems and larger gains can be achieved in high load system.  
Observation 44: UL is more sensitive to self-interference and better isolation is needed to achieve ideal full duplex performance.
To summarize the initial performance evaluation for fully overlapping full duplex for FR2:
Observation 45: gNB full duplex yields different types of advantages over half duplex
· Among them, the lower latency benefit from dynamic TDD (facilitated by full duplex) is a dominant source of gain especially at low loads 
· Spatial (DL-UL) multiplexing benefits are clearly seen at both low and high loads, although the percentage of true FD slots is limited
· Larger gain at high loads is observed due to queuing delays incurred by the baseline
· It is critical to limit self-interference to preserve full duplex gains

Observation 46: The current performance results are based on fully overlapping full duplex. Subband full duplex results and also updated fully overlapping full duplex results will be provided next time.  

[bookmark: _Hlk95315192]Dynamic/flexible TDD
Deployment scenarios
For the potential enhancement on dynamic/flexible TDD, it is very important to find the most practical, relevant and challenging deployment scenarios that can show gain of dynamic TDD. Following same evaluation methodology for subband full duplex, RAN1 should select baseline scenarios that are essential for evaluation plus some other optional deployment scenarios. In our views, enabling dynamic TDD for urban macro cell deployment is essential. 
Proposal 30: For FR1, support the following deployment scenarios for study on potential enhancement on Dynamic/flexible TDD.
· Baseline: UMa. 
· HetNet (Urban Macro and Indoor office)

Proposal 31: For FR2, support the following deployment scenarios for study on potential enhancement on Dynamic/flexible TDD.
· Baseline: UMa (FR2-1) macro and InH (FR2-1)
· Optional: UMi (FR2-1) and InH (FR2-2)

Evaluation methodology 
To evaluate the performance gain of potential enhancement on dynamic/flexible TDD, system level evaluation should be used as the primary tool for the duplex evolution. In addition, the valuation methodology for FR1/FR2 should be similar to the baseline legacy TDD of the SBFD study. The main difference is the slot format. All other simulation assumptions dynamic/flexible TDD evaluation can be the same as legacy TDD, e.g., antenna configuration could be the same as legacy TDD with single panel configuration for Tx or Rx. 
For FR2, the bandwidth configuration dynamic/flexible TDD evaluation could be either all for DL or all for UL, as illustrated in Figure 3-1. There could be aligned and misaligned slots across cells. For the misaligned dynamic TDD slots, there will be inter-cell inter-gNB and inter-UE CLI, which could be mitigated with beam isolation, proper beam-pair selection, lower Tx Power for FR2 deployment scenarios.
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Figure 3‑1 Dynamic TDD with aligned and misaligned slots

Proposal 32: Support SLS as main tool for the evaluation of potential enhancement of dynamic/flexible TDD study. 
Proposal 33: For dynamic/flexible TDD, 
· Utilize the BS antenna configuration of legacy baseline TDD
· Slot format is all flexible FFFFF (D or U direction is picked based on traffic)

Proposal 34: All other simulation assumptions dynamic/flexible TDD evaluation can be the same as legacy TDD, e.g. antenna configuration could be the same as legacy TDD with single panel configuration for Tx or Rx. For FR2, the bandwidth configuration dynamic/flexible TDD evaluation could be either all for DL or all for UL.
FR1 SLS assumptions
The detailed proposed simulation parameters in Table 14 for the evaluation on potential enhancement on dynamic TDD.
Proposal 35: RAN 1 shall consider simulation parameters Table 14 FR1 evaluation on Dynamic/flexible TDD
[bookmark: _Ref102057620]Table 14 Dynamic/flexible TDD specific simulation parameters for FR1
	Parameter
	Deployment Scenarios

	
	UMa (38.913 w/ following parameters)
 500 ISD
	UMi (38.913 w/ following parameters)
 200 ISD

	Layout 
	21 cells with wraparound ISD: 500m
	21 cells with wraparound ISD: 200m

	Channel Model
	UMa (38.901)
	UMi (38.901)

	UE Distribution 
	80% indoor, 20% outdoor
Note: Other UE distribution can be evaluated optionally.

	UE Mobility
	3 Km/hr

	Carrier frequency
	3.5 GHz

	System bandwidth
	100 MHz

	Subcarrier spacing
	30 kHz

	BS height
	25 m
	10 m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m

	Open-loop power control
	Default: p0=18dB, alpha=0.8

	Processing Delays
	K0 = 0, K1 = 1, K2 = 2

	BS/UE TX power
	BS: 45dBm, UE: 23dBm

	BS antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(8,16, 2, 1, 1, 2,16, 0.8, 0.5). 64 ports

	Antenna element Gain
	8 dBi

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports
Option 1: 4 Tx, 4 Rx
Option 2: 2 Tx, 4Rx

	Slot structure
	For dynamic TDD: Subband Half Duplex in all slots 
For legacy TDD slot pattern: DDDSU

	Resource blocks
	272RBs - DL: 204RBs, UL: 56RBs, GB:12RBs

	Metric
	DL/UL User Perceived Throughput and DL/UL transfer time

	Traffic model
	Option 1: Poisson traffic model with file size and arrival rate adjusted to achieve 
DL system load of 30% and 50% average across all cells (e.g., 100 KB/file)
UL system load of 30% and 50% average across all cells (e.g., 10 KB/file)
Option 2: Full buffer traffic for DL, Poisson traffic model for UL:
DL: The DL buffer is full all the time
UL: File size and arrival rate adjusted to achieve UL system load of 30% and 50% average across all cells (e.g., 10 KB/file)




FR2 SLS assumptions
We provide baseline simulation parameters in Table 1, Table 3, and Table 7 for FR2 dynamic/flexible TDD evaluation. The baseline results are evaluated under various scenarios. Table 1 provides common simulation assumptions for both FR1 and FR2 for both full duplex and dynamic/flexible TDD evaluations. Table 3 provides the common simulation parameters for full duplex and dynamic/flexible TDD evaluations. Table 15 provides dynamic/flexible TDD specific simulation parameters. 
Proposal 36: RAN 1 shall consider simulation parameters in Tables 7, 9, and 15 for FR2 dynamic/flexible TDD evaluation. The bandwidth configuration dynamic/flexible TDD evaluation could be either all for DL or all for UL at least for FR2.
[bookmark: _Ref101790876]Table 15 Dynamic/flexible TDD specific simulation parameters for FR2
	Parameter
	Deployment scenarios

	
	UMa (38.913 w/ following parameters)
200 ISD
	UMi (38.913 w/ following parameters)
100 ISD
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-1
	Indoor Hotspot
(38.913 w/ following parameters)
FR2-2

	Slot format

	Flexible TDD slot pattern: FFFFF (D or U direction is picked based on traffic)
[SSB, RO slots reserved without data transmission as baseline] 
For legacy TDD slot pattern: DDDSU

	DL/UL band

	All D or All U 

	Antenna Configurations

	2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,16,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
	2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (16,8,2,1,1;1,1)
(dH, dV) = (0.5λ, 0.5λ)



Performance Evaluation
FR1 Initial Performance Evaluation
To enable dynamic TDD in FR1 macro cell deployment with flexile adaptation of slot format based on traffic, we considered subband half-duplex (SBHD) deployment. In asynchronous slots, where gNBs have different traffic direction, the frequency resources of this slot could be split into DL subband and UL subband as show in Figure 3‑2. This subband split provides frequency isolation between aggressor and victim gNBs with help to mitigate inter-gNB CLI.




[bookmark: _Ref101943345]Figure 3‑2: subband isolation to enable dynamic TDD
To evaluate the potential enhancement of dynamic TDD by deploying subband half-duplex operation, system level evaluation study was conducted where all slots are assumed to be flexible subband and cells can either adopt DL subband or UL subband based on traffic direction. In this study, an example of two cells deploying SBHD is shown in Figure 3‑3.  The complete SLS assumptions for the SBHD deployment and baseline TDD are summarized in Table 21 at the appendix. 
[image: ]
[bookmark: _Ref101943541]Figure 3‑3: SBHD for enabling dynamic TDD
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Figure 3‑4 shows the UL median UL transfer time for Dynamic-TDD using SBHD and legacy synchronized fixed TDD pattern. Up to 5 dB improvement in UL coverage is observed over TDD. This is due to more UL UL TX opportunities for cell-edge UEs that reduces UL blocking delay and improves UL coverage. 
Observation 47: Dynamic TDD based on SBHD deployment improves UL coverage as compared to static TDD due to more frequent UL Tx opportunities and UL blocking reduction. 
[image: ]~5 dB coverage improvement

[bookmark: _Ref101944180]Figure 3‑4 UL transfer time for SBHD vs TDD

Figure 3‑5 shows the median DL transfer time of dynamic-TDD using SBHD and static TDD. The impact on DL performance is not significant. 
[image: ]
[bookmark: _Ref101945424]Figure 3‑5 Median DL transfer time
Observation 48: At least for FR1, Dynamic TDD based on SBHD deployment improves has no significant loss on DL performance as compared to static TDD for small packet transmission. 
[image: ]
Figure 3‑6 Median UL UPT
Observation 49: Dynamic TDD based SBHD improvs UL User Perceived Throughput by 48% as compared to static TDD by increasing UL duty cycle

FR2 Initial Performance Evaluation
FR2 Initial Performance Evaluation – dynamic TDD
In this section, we will provide updated performance evaluation results for FR2. In this new set of performance results, dynamic TDD is implemented in the system level simulation and the results are provided in this section, to compare with baseline TDD half duplex SU-MIMO results.  
The results are based on the dynamic TDD with all D or all U in the frequency configuration. The traffic we used in the simulation is FTP3 with different file sizes.
The main simulation parameters for initial performance evaluation of dense urban UMi with 200m ISD deployment scenario.
For DL and UL coverage, in this scenario, the BS Tx power is set to be 40 dBm, which results in EIRP of 72 dBm for legacy TDD and dynamic TDD. The UE antenna configuration is 2x2 antenna elements.
The slot format used for dynamic TDD is all flexible symbol: 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· Dynamic TDD: Frame structure {FFFFF}.
The traffic we used in the simulation is FTP3. The dynamic TDD scheduling strategy is strived as below:
· Prioritizes DL only if only DL traffic is available
· Prioritizes UL only if only UL traffic is available
· Converges to legacy TDD ratio over the short term (e.g. 4:1) if both DL and UL traffics are available to be scheduled to schedule DL or UL for fairness.
Performance gains of dynamic TDD will vary on different file sizes / loading levels. The simulations sweep through different file sizes. 
Table 18 shows UL UPT performance results sweeping through different file sizes. Table 19  shows DL UPT performance results sweeping through different file sizes. The results include average cell UPT, median UE UPT and 5-th percentile UE UPT. The loading levels on the simulations are within the range of 42-65% resource utilization per DL or UL direction. We can observe from the result set that dynamic TDD provides good performance gains for both DL and UL UPT with different packet sizes especially larger gains with relatively larger packet sizes such as DL 500KB and UL 125 KB file sizes. 
Table 18  Dynamic TDD (D-TDD) UL UPT results with different file sizes for FR2
	File size/UL UPT (Mbps)
	D-TDD
Median UE UPT
	Legacy TDD
Median UE UPT
	D-TDD
Avg cell UPT
	Legacy TDD
Avg cell UPT
	D-TDD
5% UE UPT
	Legacy TDD
5% UE UPT

	250 B
	1.54
	1.13
	1.53
	1.04
	1.53
	1.03

	2.5 KB
	15.29
	10.95
	14.08
	9.70
	5.37
	0.78

	12.5 KB
	69.35
	40.32
	51.75
	36.8
	20.53
	6.68

	125 KB
	239.5
	62.89
	222.8
	73.23
	37.2
	7.12



Table 19  Dynamic TDD (D-TDD) DL UPT results with different file sizes for FR2
	File size/DL UPT (Mbps)
	D-TDD 
Median UE UPT
	Legacy TDD
Median UE UPT
	D-TDD
Avg cell UPT
	Legacy TDD
Avg cell UPT
	D-TDD
5% UE UPT
	Legacy TDD
5% UE UPT

	1 KB
	17.57
	17.07
	16.90
	16.58
	17.06
	16.59

	10 KB
	167.48
	166.70
	139.55
	135.19
	42.81
	35.96

	50 KB
	382.91
	322.88
	220.03
	194.22
	103.19
	74.62

	500 KB
	712
	521
	516.2
	394.4
	145.44
	107.72



Observation 50: The downlink and uplink perceived throughput both have improved for dynamic TDD with traffic adaptive scheduling. 
In below two figures, the DL and UL median UE UPT gain compared with legacy TDD is shown on the two figures for DL and UL separately with each having different file sizes. Based on the trend, we can observe positive gains for both small and large file size cases. For the favorable DL and UL cases, dynamic TDD can provide up to 280% performance gain for UL UPT for file size such as 125 KB and dynamic TDD can provide up to 36% gain for DL UPT for file size such as 500 KB compared with legacy TDD. Below two figures also show the UPT curves for DL UPT with 10 KB file size and UL UPT with 250 B file size. In the UL UPT figure, we also include results for both high load and low load with same small file size, both loading levels can achieve good performance gain in terms of UL UPT.
However, note that to compare dynamic TDD with SBFD: 1) SBFD can save D to U switching overhead, which is not reflected by the current results; 2) SBFD can save common channel overhead by multiplexing common channel + the other direction traffic, e.g. SSB + UL traffic, RO + DL traffic, which is also not reflected by current simulation results. Those two factors will favor more performance gain for SBFD compared with dynamic TDD.
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Figure 3‑7  DL and UL UPT gain/loss over legacy TDD on different file sizes
[image: ]
Figure 3‑8 DL UPT over legacy TDD with file size 10KB.

[image: ]
Figure 3‑9 UL UPT over legacy TDD with file size 250B.
Observation 51: Dynamic TDD can provide up to 280% performance gain for UL UPT for file size such as 125 KB and dynamic TDD can provide up to 36% gain for DL UPT for file size such as 500 KB compared with legacy TDD.
Observation 52: To compare dynamic TDD with SBFD: 1) SBFD can save D to U switching overhead, which is not reflected in the current results; 2) SBFD can save common channel overhead by multiplexing common channel + the other direction traffic, e.g. SSB + UL traffic, RO + DL traffic, which is also not reflected by current simulation results. Those two factors will give more performance gain on SBFD compared with dynamic TDD.

FR2 Initial Performance Evaluation – dynamic TDD with fully overlapping full duplex
Initial performance evaluation results are provided for FR2. We use the same initial simulation set up as described in section 2.3.2 for full duplex evaluation. The reason is that among the full duplex slots, although simultaneous downlink and uplink is allowed on both directions on every slot, the actual scheduling to conduct simultaneous downlink and uplink, or just dynamic downlink only, or just dynamic uplink only, is according to traffic conditions. With bursty traffic, there are various TDD slot patterns over time; therefore, full duplex facilities dynamic TDD. Figure 3-10 shows the slot-type statistics of split on UL-only, DL-only, FD, idle slots for the FD simulation setup with 110 dB self-interference isolation at the base station. 
[image: Chart, bar chart
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Figure 3‑10 Duplex mode % on UL-only, DL-only, FD, idle slots

Observation 53: The actual duplexing percentage has large variation across different cells. On average in this simulation setup, among all the slots, 14% of slots are FD slots, 26% of slots are dynamic DL-only slots, 20% of slots are dynamic UL-only slots, and 40% of slots are idle slots. 
Observation 54: The low percentage of full duplex slots indicates that not all the performance gain in the full duplex simulation (shown in section 2.3.2) is achieved by the true simultaneous transmissions, but partial performance gain is achieved by dynamic TDD. Enabling dynamic TDD as a natural side-effect of FD is a significant source of the performance gain. 
Among all the full duplex slots, although some slots are dynamic downlink only or dynamic uplink only slots, two separate antenna subpanels are applied same as full duplex slots in this simulation setup. Therefore, in the actual dynamic TDD evaluation without full duplex slots involved, the antenna configuration shall use the single big panel configuration same as legacy TDD, which shall improve the beamforming gain and boost the actual dynamic TDD performance. 
Observation 55: The dynamic TDD slots shall have the same single panel antenna configuration as baseline legacy TDD. Actual dynamic TDD results will be provided next time for FR2. 
Conclusions
In summary, we have the following observations and proposals for the evolution of NR duplex operation.
Observation 1: Subband full duplex deployment for Massive MIMO macro cell deployment with large EIRP could benefit from UL coverage gain and latency improvement while it is a challenging deployment due to large self-interference at gNB. 
Observation 2: Subband full duplex deployment Indoor deployment may reduce requirements on gNB for self-interference mitigation due to small Tx Power. However, at least for FR1, it may be challenging deployment for handling cross link-interference. 
Observation 3: Deployment case 1 with same UL/DL subband configurations across all cells is more practical from deployment perspective as compared to Deployment case 2.
Observation 4: Deployment case 4 is important for Rel-18 study to evaluate the effect on the legacy/SBFD operator and legacy UE due to adjacent channel cross-link interference.
Observation 5: A simple model of UE clustering is essential for useful evaluation of impact of inter-UE CLI.
Observation 6: To further optimize the performance of subband full duplex when traffic is single direction in SBFD slot, TDD-like single panel configuration could be used to improve the beamforming gain. 
Observation 7: Alt 4 and Alt 3 represent fair comparison between SBFD and TDD in terms of DL and UL resources.
Observation 8: For SLS evaluation, SBFD is transparent to the UE where all slots are flexible from UE perspective. gNB dynamically schedules the UE within the UL or DL subbands of the SBFD slot. 
· Full band CSI (SRS and CSI-RS) can be enabled at some non-SBFD symbols 

Observation 9: The amount of residual self-interference depends on gNB spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation. 

Observation 10: There is no 3GPP model for clutter modelling. 

Observation 11:  Exact clutter modelling is complicated and may drain RAN1 time and efforts. 

Observation 12: A statistical clutter model based on statistics of clutter strength and AoA is simple model.
Observation 13: RAN1 needs to agree on the inter-subband cross-link interference model for subband full duplex evaluation.
Observation 14: LOS probability will have large impact on the inter-gNB CLI and any candidate solutions. 
Observation 15: The DL non-linearity caused by IMDs may have some directionality depending on the number of DL spatial beams.
Observation 16: It is important to consider both large-scale and small-scale fading’s when modelling the inter-gNB channel and CLI to get accurate modelling of the spatial beamforming gains or nulls.
Observation 17: Inter-UE pathloss computation based on leveraging gNB-UE model in 38.901 is not accurate.
· The pathloss equations in 38.901 are based on certain applicability range of base station height which not suitable for UE.
· The UMa/UMi PL models consider a minimum distance between gNB and UE as 35/10m which is not valid as inter-UE distance could be small as <1m.

Observation 18: DL perceived throughput of SBFD InH Option1 is lower than TDD. However, SBFD InH option 2 outperforms TDD due to increases antenna size and reduced blocking (reduced downlink duty cycle in SBFD)
Observation 19: UE cross link did not impact the dense indoor layout due to the transmit power control.
Observation 20:  Inter-gNB cross link interference has minimal impact on the uplink SBFD performance. The impact is very low due to InH nodes being ceiling mounted and their antennas are facing downwards.
Observation 21: Considering the large spatial isolation and low Tx power for InH, the self-interference is not a problem for uplink reception. However, this is based on clutter modeling which may cause a significant impact on UL.
Observation 22: Like InH, SBFD Option 1 experiences lower downlink UPT as compared to TDD in UMa Layout, due to reduction in the antenna size
Observation 23: Option 2 “without inter-UE CLI” case exhibits similar DL UPT of TDD for a fraction of UEs, and outperforms TDD for the rest of the UEs because of downlink Duty cycle improvement.
Observation 24: In SBFD Option1 and Option2 “With inter-UE CLI”, degradation in downlink UPT is observed compared to case “w/o inter-UE CLI”
Observation 25: SBFD “Without CLI” observes gain in the uplink UPT as compared to TDD because of uplink duty cycle improvement. 
Observation 26: Option 2 combats the uplink outage as compared to Option1 in High Load because of the antenna gain.
Observation 27: Option 2 experiences lower gNB cross link interference as compared to Option1 because of increased flexibility to steer the aggressor gNB beams in the elevation.
Observation 28: Without considering inter-gNB CLI, up to 5dB of coverage gain of SBFD is observed compared to TDD. However, with modeling inter-gNB CLI, the UL reception of some UEs are impacted when it is aligned with the inter-gNB CLI. Further inter-gNB CLI mitigation is beneficial to protect UL reception of these UEs. 
Observation 29: The impact of inter-gNB and inter-CLI scales with the traffic load.
Observation 30: The UL outage is reduced with lower traffic load.
Observation 31: The downlink and uplink perceived throughput both have improved in case of SBFD with smaller file size. This is because duty cycle in SBFD is 100% (i.e., every slot has DL and UL resources), as compared to TDD where DL duty cycle is 80% and UL duty cycle is 20%.  
Observation 32: For the favorable DL and UL cases, SBFD can provide up to 46% performance gain for UL UPT for small file size such as 250B, and can provide up to 11.5% gain for DL UPT for small file size such as 10KB compared with legacy TDD. In addition, both high and low loading levels and both antenna configuration options can achieve good performance gain in terms of UL UPT with small file size.
Observation 33: The downlink perceived throughput for low load bursty traffic has ~2.6x performance gains compared with half duplex SU on the median DL UPT and ~2x performance gains compared with half duplex MU on the median DL UPT. The gains are largely a product of increased time domain resources and reduced transmission latencies enabled by full duplex. 
Observation 34: The downlink perceived throughput for low load bursty traffic could achieve better performance with 110 dB or better self-interference isolation value with good isolation.  
Observation 35: The downlink perceived throughput for high load bursty traffic has ~3.6x performance gains compared with half duplex SU on the median DL UPT and ~1.6x performance gains compared with half duplex MU on the median DL UPT. The sources of gain include the increased time domain resources (slot format of DDDDUUUU is used for baseline TDD half-duplex simulations) as well as decreased latencies due to slot format flexibility of full duplex. Larger performance gains are observed over baseline half duplex SU at high load system. 
Observation 36: The downlink perceived throughput for high load bursty traffic could achieve better performance with 110 dB or better self-interference isolation value with good isolation.  
Observation 37: Full duplex will improve the DL perceived throughput for both low load and high load systems and larger gains can be achieved at high loads.  
Observation 38: Better isolation at the base station for full duplex mode can boost the downlink performance gain.
Observation 39: The uplink perceived throughput for low load bursty traffic has ~2x performance gains compared with half duplex SU on the median DL UPT. The main sources of gain are the increased (2x) time domain resources as well as the slot format flexibility offered by full duplex (DDDDUUUU is used for baseline TDD half-duplex simulations).
Observation 40: Compared to DL, where the self-interference impact is indirect, UL is more sensitive to self-interference and isolation of 120 dB is needed to achieve ideal full duplex performance.  
Observation 41: MU performance is limited at low loads by the availability of UEs to schedule (dynamic) while the SINR cost/loss is fixed due to half the array gain.  
Observation 42: There are similar observations for the uplink perceived throughput for high load bursty traffic. Larger performance gains are observed over baseline half duplex SU at high loads. 
Observation 43: Full duplex will improve the UL perceived throughput for both low load and high load systems and larger gains can be achieved in high load system.  
Observation 44: UL is more sensitive to self-interference and better isolation is needed to achieve ideal full duplex performance.
Observation 45: gNB full duplex yields different types of advantages over half duplex
· Among them, the lower latency benefit from dynamic TDD (facilitated by full duplex) is a dominant source of gain especially at low loads 
· Spatial (DL-UL) multiplexing benefits are clearly seen at both low and high loads, although the percentage of true FD slots is limited
· Larger gain at high loads is observed due to queuing delays incurred by the baseline
· It is critical to limit self-interference to preserve full duplex gains

Observation 46: The current performance results are based on fully overlapping full duplex. Subband full duplex results and also updated fully overlapping full duplex results will be provided next time.  
Observation 47: Dynamic TDD based on SBHD deployment improves UL coverage as compared to static TDD due to more frequent UL Tx opportunities and UL blocking reduction. 
Observation 48: At least for FR1, Dynamic TDD based on SBHD deployment improves has no significant loss on DL performance as compared to static TDD for small packet transmission. 
Observation 49: Dynamic TDD based SBHD improvs UL User Perceived Throughput by 48% as compared to static TDD by increasing UL duty cycle
Observation 50: The downlink and uplink perceived throughput both have improved for dynamic TDD with traffic adaptive scheduling. 
Observation 51: Dynamic TDD can provide up to 280% performance gain for UL UPT for file size such as 125 KB and dynamic TDD can provide up to 36% gain for DL UPT for file size such as 500 KB compared with legacy TDD.
Observation 52: To compare dynamic TDD with SBFD: 1) SBFD can save D to U switching overhead, which is not reflected in the current results; 2) SBFD can save common channel overhead by multiplexing common channel + the other direction traffic, e.g. SSB + UL traffic, RO + DL traffic, which is also not reflected by current simulation results. Those two factors will give more performance gain on SBFD compared with dynamic TDD
Observation 53: The actual duplexing percentage has large variation across different cells. On average in this simulation setup, among all the slots, 14% of slots are FD slots, 26% of slots are dynamic DL-only slots, 20% of slots are dynamic UL-only slots, and 40% of slots are idle slots. 
Observation 54: The low percentage of full duplex slots indicates that not all the performance gain in the full duplex simulation (shown in section 2.3.2) is achieved by the true simultaneous transmissions, but partial performance gain is achieved by dynamic TDD. Enabling dynamic TDD as a natural side-effect of FD is a significant source of the performance gain. 
Observation 55: The dynamic TDD slots shall have the same single panel antenna configuration as baseline legacy TDD. Actual dynamic TDD results will be provided next time for FR2. 
Here is the list of the proposals: 
Proposal 1: For Deployment case 1, support HetNet with Urban Macro and Indoor as an optional deployment scenario at least for FR1. 
Proposal 2: For Deployment case 4, Urban Macro (FR1) and Dense Urban Macro layer (FR2-1) deployment are considered as baseline for the study of adjacent channel coexistence between SBFD and static TDD operator. 
· Further discussion on additional scenarios of Indoor hotspot and Dense urban Micro layer scenarios.

Proposal 3: Grid shift of 0% and 100% between the two operators’ gNB are sufficient to study best case and worst-case adjacent channel coexistence between the SBFD and static TDD operator (Deployment case 4). 
· FFS: 50% grid shift

Proposal 4: UE clustering by dropping one cluster within each macro cell area and drop 2/3 of the UE within the cluster and the rest 1/3 uniformly dropped to entire macro area.  
· FFS: cluster size
· FFS: minimum distance between cluster centre and gNB

Proposal 5: No minimum distance between the UEs is considered for the Rel-18 study on duplex evolution.
Proposal 6: For InH, support ceiling mounted TRP deployment with Boresight direction is perpendicular to the ceiling and layout parameters in Table 1.
Proposal 7: For UMa, support hexagonal grid cell layout with 7 macro sites, 3 sector per side (ISD = 500) related configuration in Table 2.
Proposal 8: Support 100% outdoor UE locations to evaluate outdoor scenarios for FR2.
Proposal 9: For HetNet, support UMa hexagonal grid of 7 macro sites and 3 sectors per site (ISD = 500m). 
· one InH layout is dropped randomly for each macro sector. 
· The Indoor office is assumed single floor of size 120m x 50m x 3m with 3-site deployment.

Proposal 10: Support SLS as main tool for the evaluation of subband full duplex study. 
· LLS could be additional used for the study of inter-UE CLI.
· Link-budget analysis could be additionally used for the evaluation of coverage gain in SBFD.

Proposal 11: For the definition the UPT CDF metric of {mean, 5%, 50% and 95%}, the UPT for each packet of the UE should be first computed then the 5%, 50% and 95% is computed for each UE. The CDF of {5%, 50% and 95%} is then collected based on all UEs.
Proposal 12: The resource utilization metric for DL (or UL) is computed based on the ratio of the scheduled DL (or UL) RBs to the total number of DL (or UL) RBs within the simulation time. 
Proposal 13: For subband full duplex evaluation scenario, support SBFD slot utilization is additional metric.
Proposal 14: For subband full duplex evaluation, low (<10%), medium (20%) and high (40-50%) traffic load could be assumed based on target resource utilization.
· Each UE is either assigned UL traffic or DL traffic. 
· Different packet size should be considered
· Separate DL/UL target resource utilization.

Proposal 15: For both options of SBFD BS antenna configurations, at least the transmit panel in SBFD slot should be switchable to Rx mode to enable full DL/UL channel reciprocity. 
Proposal 16: Adopt the gNB antenna configuration in Table-4 and Table 5.
Proposal 17: At least for FR2, optionally support adaptive antenna array configuration across slots for the subband full duplex evaluation. According to traffic conditions, separate panels configuration shall be used on the subband full duplex slots with scheduled simultaneous downlink and uplink, and TDD-like single panel configuration shall be used on the dynamic TDD slots with scheduled either downlink or uplink.
Proposal 18: For FR2, for legacy TDD deployment scenario and subband full duplex deployment scenario, 
· Support periodic reserved DL-only slots and UL-only slots for common control channels
· E.g. 20 slots per 20 ms for SSB, 20 slots per 160 ms for PRACH

Proposal 19: For subband full duplex deployment scenario, support configurable ND RBs DL subbands, NU RBs UL subbands and NG RBs as the gap between the DL and UL subbands
· Option 1: Support ~40% RBs for each of the two DL subbands (ND=2x~40% RBs) and ~20% RBs for UL subband in middle (NU=~20% RBs) and N RBs guard band in between
· N or 0 RB for the gap between DL and UL subbands (N3=2xN or 0 RB)
· Option 2: For FR2, support fully overlapping DL/UL band configuration (ND=NU=entire BW and NG=0)

Proposal 20:  The residual self-interference at gNB receiver is modelled as fixed value across the UL subband and is given by   
· where  is the overall self-inference reduction capability of the gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation. 
· FFS: Frequency selective residual self-interference modelling. 

Proposal 21: At least for FR2, for subband full duplex deployment scenario, simplified statistical clutter modelling can be considered based on statistics of cluster power and AoA. 
Proposal 22: For subband full duplex deployment scenario, simplified statistical clutter modelling shall be intra-serving-gNB model and shall have no impact on other gNBs and UEs in the network. 
Proposal 23: Consider the current LOS probability equation as the baseline. 
· Optional: higher LOS probability (e.g. changed some coefficient or use fixed value for nearby gNBs)

Proposal 24: For the modelling of inter-gNB channel and CLI, consider both large-scale and small-scale for both component of the DL-Tx and DL-NL. 
· For DL-Tx, first apply large-scale and small scale of DL-Tx and aspect 2 (Rx selectivity)
· For DL-NL, first apply Aspect 1 (Tx leakage ratio) and then apply both large-scale and small scale fading. 

Proposal 25:The UE-to-UE channel can be modelled by leveraging the UE-UE channel model for flexible duplex evaluation in TR in 38.802.
Proposal 26: For the modelling of inter-UE channel and CLI, consider both large-scale and small-scale for both component of the UL-Tx and only large-scale fading for Tx-NL. 
· For UL-Tx, first apply large-scale and small scale of DL-Tx and then aspect 2 (Rx selectivity if any).
· For UL-NL, first apply Aspect 1 (Tx leakage ratio) and then large-scale fading (FFS: small scale fading)

Proposal 37: RAN 1 shall consider simulation parameters in Tables 7, and 8 for FR1 full duplex evaluation.
Proposal 28: RAN 1 shall consider simulation parameters in Tables 7, 9, and 10 for FR2 full duplex evaluation.
Proposal 29: RAN1 to study clutter modelling for realstic outcome of SBFD evalaution
Proposal 30: For FR1, support the following deployment scenarios for study on potential enhancement on Dynamic/flexible TDD.
· Baseline: UMa. 
· HetNet (Urban Macro and Indoor office)

Proposal 31: For FR2, support the following deployment scenarios for study on potential enhancement on Dynamic/flexible TDD.
· Baseline: UMa (FR2-1) macro and InH (FR2-1)
· Optional: UMi (FR2-1) and InH (FR2-2)

Proposal 32: Support SLS as main tool for the evaluation of potential enhancement of dynamic/flexible TDD study. 
Proposal 33: For dynamic/flexible TDD, 
· Utilize the BS antenna configuration of legacy baseline TDD
· Slot format is all flexible FFFFF (D or U direction is picked based on traffic)

Proposal 34: All other simulation assumptions dynamic/flexible TDD evaluation can be the same as legacy TDD, e.g. antenna configuration could be the same as legacy TDD with single panel configuration for Tx or Rx. For FR2, the bandwidth configuration dynamic/flexible TDD evaluation could be either all for DL or all for UL.
Proposal 35: RAN 1 shall consider simulation parameters Table 14 FR1 evaluation on Dynamic/flexible TDD
Proposal 36: RAN 1 shall consider simulation parameters in Tables 7, 9, and 15 for FR2 dynamic/flexible TDD evaluation. The bandwidth configuration dynamic/flexible TDD evaluation could be either all for DL or all for UL at least for FR2.
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	Traffic model
(Per UE offered load)
	Bursty Poisson traffic, 0.5 Mbyte file size

	
	
	Umi 100m

	
	Low Load (DL/UL) 
~30% RU for SU-MIMO
	18/14.4
Mbps

	
	High Load (DL/UL) 
~60% RU for SU-MIMO
	28/21.6
Mbps

	UE antenna configuration
	Two 2x2 dual polarized, front and back
Target beam angles: ±45° in azimuth, 45° & 135° in elevation

	Carrier freq. & bandwidth
	100MHz @ 28GHz

	Noise figures
	gNb = 7dB, UE = 9dB

	UE Tx power
	17dBm à 31 dBm EIRP

	SRS Periodicity
	10 ms (80 slots)

	Scheduler
	Proportional fair (w/ analog BF based MU-MIMO)

	Node height
	gNB height = 10m for Umi
UE height = 1.5m

	Processing time
	PDSCH to ACK = 2 slots (K1), 
UL grant to PUSCH = 3 slots (K2), 
PUSCH to retransmission DCI = 5 slots; 
,  




[bookmark: _Ref101943951]Table 21. SLS for FR1 Dynamic TDD SBHD study
	
	Subband Half Duplex
	Static TDD

	Scenario
	UMa  - 7 sites, 3 sectors/site. 10 UEs/sector

	Carrier frequency
	3.5GHz

	System bandwidth, SCS
	100MHz TDD, 30KHz

	BS/UE TX power
	BS: 45dBm, UE: 23 dBm, BS NF: 5 dB, UE NF: 9 dB
Same DL PSD per RB (SBHD does not boost power by allocating 45dBm over DL subband)

	BS antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(8,16, 2, 1, 1, 2,16, 0.8, 0.5). 64 ports

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports

	UE location/mobility
	20% outdoor, 80% indoor, 3 km/hr

	Frame format
	Subband Half Duplex in all slots
	SSSU

	Resource blocks
	272RBs - DL: 204RBs, UL: 56RBs, GB:12RBs
	272RBs

	Open-loop power control
	Default: p0=18dB, alpha=0.8

	Processing Delays
	K0 = 0, K1 = 1, K2 = 0 (K2=0 synchronizes DL/UL scheduling for simplification)

	Cross-link interference
	gNB-gNB is modeled
	N/A

	ACLR
	Flat: 45 dBc/20 MHz 
	N/A

	Traffic pattern
	Bidirectional Poisson. DL: 20KB/file, 100 files/s/UE. UL: 1KB/file, 150 files/s/UE
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