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 Introduction
A study item on evolution of NR duplex operation was approved in RAN#94e with the following objective ‎[1]:
	· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· 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).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


In this contribution, we discuss the deployment scenarios and evaluations methodology/assumptions for SBFD and DTDD, and we provide a set of proposals on how to evaluate the performance and feasibility of these schemes. In addition, we provide preliminary results for the performance of SBFD and DTDD schemes.
Deployment scenarios and evaluation assumptions
The performance for SBFD and DTDD schemes can be conducted via several approaches, including system-level simulations, link-level simulations, and analysis. In the following, we provide some of the assumptions that could be considered in evaluating the SBFD and DTDD schemes.
Deployment scenarios
The feasibility and the performance of SBFD and DTDD schemes will highly depend on the deployment scenarios where these features enabled. Thus, it is essential that RAN1 consider realistic deployment scenarios that helps in understanding:
· Under which conditions SBFD or DTDD is feasible.
· The impact to legacy operation (legacy operators & legacy UEs).
· The possible gains & drawbacks of SBFD or DTDD.
[bookmark: _Hlk111199318]In RAN1#109-e meeting, RAN1 reached the following agreement on the cases for SLS evaluation for SBFD.
	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.



[bookmark: _Hlk110957196]There was a discussion in RAN1#109-e on prioritizing some of the cases for the evaluations. However, there was no consensus on which case to be prioritized/deprioritized, and there was suggestion by the Chairman to consider all the cases with the same priority, and it is up to each company which case will be evaluated. We agree with the approach of skipping the prioritization discussion because it will not help with any progress (at the end, each company is free to evaluate whatever case that they think it essential for the SI objectives). In addition, Case#3 and Case#4 are needed to be evaluated according to the following SI objectives “Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).”. Hence, this leaves only Case#2 in the consideration of having it as optional. 
Proposal 1: [bookmark: _Ref111196289]No further prioritization between the deployment cases for SBFD is pursued in RAN1.
In the following, we provide a list of the deployment scenarios that should be considered in RAN1 for the evaluation of DTDD schemes.
Scenarios for DTDD Scheme:
· Macro-Macro DTDD: two operators deploying Macro cells with different TDD patterns. Different grid shifts could be assumed between the two operators as explained in the following sections. The 0% grid shift could be the most challenging case for such deployment because of the high transmission power of the Macro cells and the proximity between the gNBs, which results in high inter-gNB CLI.
· Macro-SmallCell DTDD: The Macro cells of the two operators use aligned TDD patterns, while the small cells of one operator use a TDD pattern that is misaligned with the Macro cells. In this scenario, there is no inter-gNB CLI between the Macro cells (of the same or different operators). However, there will be inter-gNB CLI between Macro cells and small cells.
· Indoor-Indoor DTDD: two operators deploying indoor/small cells with different TDD patterns. 
The deployment scenarios and the corresponding topologies are listed in Table 1.
[bookmark: _Ref101535977]Table 1: Deployment scenarios and topologies for DTDD.
	Scenario No.
	Operator#1
	Operator#2
	Notes

	1
	Macro
	Macro
	Grid shift: 0%, 100% 

	2
	HetNet: Macro-Small 
	Macro
	Macro cells: aligned TDD pattern
Indoor cells: misaligned with Macro cells

	3
	Indoor 
	Indoor
	Misaligned TDD patterns,
Grid shift: between 0% and 100%


Proposal 2: [bookmark: _Ref111197578]For the evaluations of DTDD schemes, RAN1 should consider the deployment scenarios listed in Table 1.
[bookmark: _Ref102076978]UEs deployment
In the legacy TDD deployment, both UL and DL occurred during separate time slots hence there is no probability that a UE UL signal will cause interference with the DL signal of a neighbouring UE. However, with SBFD, both UL and DL occur during the same time slot at the gNB, which will introduce Inter-UE CLI as the UL transmission signal of one UE will negatively impact the reception of DL signal at another UE that is near it.
In conventional simulations, UEs are deployed in the simulation environment by being uniformly and randomly distributed. However, this results in a scenario whereby the separation distance between the UEs is relatively large. As an example, for a DU deployment scenario with 24 UEs per cell, as shown in Figure 1, most of the inter-UE distances (~91%) lie between 20m to 70m (we ignore the distances between far UEs). Using the IMT2020 ChannelB_UMi pathloss model, this would result in a pathloss of at least 71.7dB. Also, the probability of having UEs close to each other (e.g., < 2m distance) is negligible. Consequently, under these conventional simulation settings, the effect of inter-UE CLI will not be captured as the separation distance between the UEs is too large to account for this.
This uniform random distribution also does not depict a real-world scenario whereby users who may be in possession of one or more mobile devices congregate to form groups in settings such as in meeting rooms, restaurants and in public transportation. The separation distances in such settings are much smaller than those depicted in a uniformly and randomly distributed scenario. In order to account for this phenomenon within a simulation environment, a certain proportion of the UEs should be deployed to form groups/clusters. This can be achieved by having a subset of the UEs being uniformly and randomly distributed while the remaining UEs can be closely grouped together within a certain radius to form multiple UE clusters.
The clustering method implemented in our simulation environment involved deploying the clustered UEs in X clusters within each sector. The position of each cluster’s centre within the sector was chosen randomly, ensuring the cluster boundary falls within the sector. The number of UEs in each cluster was also random on the condition that the cumulative total of the UEs in all X clusters is a percentage (e.g., 50%, 80%) of the total UEs specified per sector. The radius of each cluster is dependent on the number of UEs which will be dropped within the cluster, and we adopted the following method to define the radius of each cluster: R = (n+1)/2, where n is the number of UEs in the cluster. The UEs uniformly and randomly distributed with the cluster.
In order to demonstrate the effect of clustering has on the overall system performance, the separation distance ranges from a uniformly and randomly distributed UEs were compared to a deployment with clustered UEs in Figure 1. As can be seen from the figure, with clustering, there is higher percentage for UEs with close proximity.
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[bookmark: _Ref101829304]Figure 1: UEs’ separation distance ranges with: 1) Uniformly distributed UEs, 2) Clustered UEs.
Figure 2 depicts the CCI to inter-UE CLI ratio for both clustered and uniformly distributed deployments. From the two CDF plots, it is clear to see that the addition of the clusters causes the CLI to increase over the CCI. This increase in the CLI values can be mainly attributed to the reduction in the Euclidian distances between the UEs within the clusters. These results therefore underpin the need to have a clustered deployment scenario as it presents a better representation of the interference levels UEs will experience with SBFD being implemented.
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[bookmark: _Ref101827444]Figure 2: CCI over CLI ratio CDFs for UEs’ deployment with and without clustering.
Observation 1: [bookmark: _Ref111195643]Uniform random distribution does not depict a real-world scenario whereby users congregate to form groups/clusters.
Observation 2: [bookmark: _Ref111195699]The uniform random distribution results in separation distance between the UEs that is relatively large. Consequently, the effect of inter-UE CLI will not be captured in the evaluations. 
Proposal 3: [bookmark: _Ref111197329]For the evaluations of SBFD and DTDD schemes, RAN1 should consider clustered UEs deployments to accurately capture the impact of inter-UE CLI.
Grid shift between operators 
For the deployment scenarios that assumes two operators, different grid shifts could be considered between the two operators. RAN1 could start with evaluating 0% and 100% grid shifts. For the 0% grid shift, some isolation or coupling loss may be considered between the co-located gNBs of the two operators. This to account for the fact that there is some separation between the two gNBs even if they deployed on the same location (e.g., same building rooftop, same mast).
[bookmark: _Hlk101800933]For outdoor deployment, the 100% grid shift can be implemented by shifting gNBs of the second operator, relative to the gNBs’ locations of the first operator, by ±ISD/2 on one axis and ±ISD/(2*sqrt(3)) on the other axis, as illustrated in Figure 3. This will give the maximum distance between the two operators gNBs. For indoor deployment, multiple grid shifts between 0% and 100% can be assumed to reflect and uncoordinated deployments for such scenario.
[image: ]
[bookmark: _Ref101366582]Figure 3: Illustration of two operators deployment with 100% grid shift.
Proposal 4: [bookmark: _Ref111197500][bookmark: _Ref111198301]For deployment scenarios with two operators, as starting point, 0% and 100% grid shift are assumed between the two operators’ gNBs. For the 100% grid shift in Macro deployment, gNBs of the second operator are shifted, relative to the gNBs’ locations of the first operator, by ±ISD/2 on one axis and ±ISD/(2*sqrt(3)) on the other axis.
Initial evaluation results for SBFD
In this section, we provide some initial results for SBFD scheme based on some preliminary assumptions, focusing on the impact of inter-gNB and inter-UE CLIs on the system performance in deployment Case#1. Three schemes are considered for our initial evaluation:
1) Fixed TDD patterns without SBFD slots.
2) Fixed TDD patterns where all downlink slots are SBFD slots; assume there is no CLI.
3) Fixed TDD patterns where all downlink slots are SBFD slots; impact of CLI is captured according to the presented inter-subband interference models.
Following TDD and SBFD pattern is assumed in this work: 
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The rest of parameter settings mainly follow IMT-2020 simulation assumptions and are concluded in Table 3. The following assumptions are adopted for inter-gNB CLI modeling:
1) Inter-gNB CLI = 45dB. For simplicity, we assume CBW is the same as all the DL allocated PRBs.
2) Inter-UE CLI is modeled based on the UE in-band emissions [TS 38.101-1].
3) For DU scenario, we assume sectors located at the same site are perfectly isolated so that no inter-sector CLI among cells at the same site. 
The self-interference is not modeled in these simulations. The evaluations will be updated once RAN4/RAN1 adopt more accurate interference models. For a DL Rx-UE, received interference consists of 1) co-channel interference (CCI) from base-stations in neighboring cells and 2) inter-SB CLI from UL UEs in serving and neighboring cells. In UL direction, received interference consists of 1) inter-SB CLI from gNBs in neighboring cells and 2) CCI from UEs served in the neighboring cells.
Evaluation results for inter-gNB CLI
In SBFD slot, resources are allocated to UL transmissions in the slots that were previously dedicated to DL-only transmissions. SBFD operations is expected to improve UL latency and throughput performance. Latency is measured from the time a packet arrives from RLC layer to TX buffer in physical layer to the time this packet is successfully decoded and passed to the RLC layer.  Figure 4 shows the CDF of UL latency of SBFD and legacy TDD systems in InH and UMa scenarios. SBFD improves UL median latency in InH (UMa) scenario by 29.9% (48.9%), 53.5% (50.4%), and 93.1% (54.6%) when UL resource utilization is 20%, 50%, and 70%, respectively. The latency gain increases with the UL RU.
Observation 3: [bookmark: _Ref111195734]SBFD improves uplink latency by up to 93.1% (54.6%) in InH (UMa) scenario.
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[bookmark: _Ref111111868]Figure 4: Latency performance of SBFD in InH and UMa scenarios.
However, this latency improvement comes at a cost of increased UL interference due to simultaneous DL and UL transmissions in serving and neighbouring cells. Figure 5 shows the comparison of CLI and CCI in InH and UMa scenarios. In InH scenario, CCI still dominates gNB CLI due to smaller downlink transmission power. This is seen, for example, when RU is 50% there is a difference of 14.05 dB between median CCI and gNB CLI values. However, in UMa scenario, gNB CLI dominates CCI by 28.49 dB when RU is 50%. This is due to the higher DL transmission power in UMa scenario.
Observation 4: [bookmark: _Ref111195749]CCI dominates the UL interference in InH scenario, and gNB CLI dominates it in UMa scenario.
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[bookmark: _Ref111113083]Figure 5: CLI and CCI comparison in InH and UMa scenarios.
To evaluate UL UPT performance enhancement with SBFD in FR1 InH and UMa scenarios, 20%, 50%, and 70% RU in DL and UL directions are considered. Figure 6 shows average uplink UPT of SBFD and legacy TDD systems in FR1 InH and UMa scenarios. SBFD improves average UL UPT by 42.3% (50%), 80.7% (44.3%), and 140.5% (31.2%), respectively, in InH (UMa) scenario when the resource utilization is 20%, 50%, and 70% due to the additional resources it brings. Impact of CLI on average UL UPT is marginal in InH scenario. It reduces average UL UPT by maximum 0.4% when RU is 70%. However, in UMa scenario, it can degrade average UL UPT by up to 9.1% when RU is 70%.
Observation 5: [bookmark: _Ref111195758]SBFD can improve average UL UPT by 140.5% (50%) in InH (UMa) scenario.
Observation 6: [bookmark: _Ref111195774]In InH scenario, gNB CLI has limited impact on average UL UPT performance. It reduces average UPT by maximum 0.4% when RU is 70%.
Observation 7: [bookmark: _Ref111195797]gNB CLI has severe impact on average UL UPT in UMa scenario, which can reduce average UL UPT by up to 9.1% when RU 70%.
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[bookmark: _Ref111119716]Figure 6: Average UL UPT in FR1 InH and UMa scenarios.
Evaluation results for inter-UE CLI
In this section, initial results will be presented for impact of inter-UE CLI on the DL performance. To evaluate the impact of inter-UE CLI on the DL performance, the concept of UEs clustering is used (see Section ‎2.2). For a dense urban deployment, 4 clusters are created in a sector with 80% of the UEs in a sector are assumed to be in the 4 clusters. The remaining 20% of UE are uniformly and randomly deployed in the sector. Figure 7 shows the DL spectral efficiency for the DL. As expected, the DL SE is impacted by SBFD due to allocating some of the resources to UL. Also, it can be observed that there is about 19% reduction in the DL SE due to the inter-UE CLI.
Observation 8: [bookmark: _Ref111195815]Inter-UE CLI has significant impact to the DL performance.
[image: ]
[bookmark: _Ref102077573]Figure 7: Average DL spetral efficency for the conisdered cases: Legacy TDD, SBFD without CLI and SBFD with CLI.
Coverage Enhancement
In legacy TDD network, uplink is the bottleneck to achieve a good cell coverage. The radio resources that SBFD adds to uplink is expected to reduce the required SINR in each slot to achieve the target data rate. Smaller uplink SINR will help to increase the uplink coverage according to the link budget analysis adopted in TR38.830. However, the higher interference that gNB receives in the SBFD slots due to CLI limits the achievable coverage gain. Figure 8 shows the variation of total interference (i.e., CCI and gNB CLI) with different DL transmission resource utilizations (RUs) in FR1 UMa scenario. The ratio between sum of interference and noise in SBFD slots and UL-only slots increases from 4.56dB to 10.27dB when DL RU increases from 8.7% to 100%.
Observation 9: [bookmark: _Ref111195827]SBFD slot has higher UL interference compared to UL-only slot due to gNB CLI, and the UL interference increases with the DL RU.
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[bookmark: _Ref111049010]Figure 8: UL interference variation in different DL RUs with DXXXU frame format.
To assess the uplink coverage gain and the impact of CLI on it, we follow the link budget analysis methodology provided in TR38.830 which is a study report of Rel-17 coverage enhancement. The analysis methodology is given as below:
· Obtain CCI and CLI interference density values from SLS, which would be different for different DL RU.
· Find out minimum MCS combinations required in SBFD and pure uplink slots to support target PUSCH data rate of 1 Mbps (from TR38.830). 
· For the minimum SINRs required to support the above minimum MCSs, compute the coverage values in SBFD and UL slots according to link budget analysis method in TR 38.830 and find the minimum one as the uplink coverage.
The possible coverage gain depends on how the network will utilize the extra UL resources. Below, we present three strategies to utilize the extra UL resources offered by SBFD. The evaluation compares between legacy TDD with a single UL slot and SBFD with two SBFD slots and one UL-only slot. 
· Strategy#1 Divide and redistribute TB: In this strategy, original TB that legacy TDD would have sent is divided into multiple smaller TBs and transmitted over SBFD and UL-only slots. This data redistribution to SBFD slots will reduce the data transmission burden on UL-only slot, which will, in turn, reduce the required SINR for supporting the UL target data rate (i.e., 1Mbps data rate for PUSCH). Hence, the uplink coverage will improve.
Condition for Strategy#1 to obtain coverage enhancement: Minimum MCS that is required in UL-only slot to achieve a target data rate of 1 Mbps with DDDSU format is MCS 5. To redistribute data between SBFD and UL-only slots, SBFD slots need to have a minimum SINR that supports MCS 0. Otherwise, it is not possible to transmit any UL data in SBFD slots with 10% target BLER. From link level simulation, the gap between minimum SINRs to support MCS 0 and 5 is 5.36dB. Therefore, if the ratio between sum of interference and noise in SBFD slots and UL-only slot is more than 5.36dB, the SBFD slot cannot support any data transmission. Hence, no coverage gain can be achieved with this strategy if the following condition is not satisfied:

Observation 10: [bookmark: _Ref111195857]For the considered scenario, coverage gain from Strategy#1 can be achieved if the ratio of sum of interference and noise in SBFD slots and UL-only slot is less than 5.36dB.
· Strategy#2 TB Repetition: In this strategy, same TB is repeated over SBFD and UL slots and combined at the receiver to achieve better UL SINR and coverage. Let  be the sum of interference and noise in UL-only slot, and  be the sum of interference and noise in a SBFD slot, where  is the ratio of average interference powers in SBFD and UL-only slots in linear scale. Then, the SINR that is achievable with the optimal combining is given by
.
Since  is the SINR of single UL transmission,  is the gain in SINR from repetition scheme.
Observation 11: [bookmark: _Ref111195880]For the considered scenario, SINR gain from Strategy#2 is . TB repetition in SBFD and UL-only slots helps to improve the uplink SINR and coverage.
· Strategy#3 Redistribute and Repeat TB: This strategy is the combination of the above two strategies. It divides TB into two smaller TBs and assigns one to UL-only slot and another SBFD slots, where over the two SBFD slots. Repetition on SBFD slots helps in reducing impact of CLI and it provides 3 dB UL SINR gain on these slots.
Link budget analysis: Table 2 shows UL coverage estimates that are achievable with the different strategies and for different DL RU. The uplink coverage decreases from 106.49m to 77.73m when DL RU increases from 0% to 100% due to the increase in gNB CLI. In no gNB CLI condition, Strategy#1 performs better than other two strategies. In low and middle downlink load conditions, Strategy#3 performs better than strategies 1 and 2. In high downlink load condition, Strategy#2 performs better than strategies 1 and 3. Overall, compared to legacy TDD, up to 37.14% gain in the uplink coverage can be achieved when there is no CLI. It reduces to 21.84% in low DL RU condition.
[bookmark: _Ref111194765]Table 2: Coverage results with all three strategies.
	DL Packet rate
(UL rate=1 Pkt /S)
	DL RU (%)
(UL RU=23%)
	Strategy#1
	Strategy#2
	Strategy#3
	Max UL coverage (m)
	Strategies with Max UL coverage

	Any (Legacy TDD)
	-
	-
	-
	-
	77.65
	-

	Any (No CLI)
	0
	106.49
	102.84
	106.49
	106.49
	1 & 3

	0.5
	8.7
	81.41
	88.91
	94.52
	94.52
	3

	1
	13.3
	79.65
	88.25
	94.61
	94.61
	3

	1.5
	21.35
	77.13
	87.24
	92.05
	92.05
	3

	2
	27.7
	73.14
	85.10
	87.27
	87.27
	3

	5
	64.4
	62.61
	80.69
	77.65
	80.69
	2

	10
	100.0
	55.66
	77.73
	77.65
	77.73
	2


Observation 12: [bookmark: _Ref111195905]Different strategies achieve maximum coverage under different DL load conditions;
· [bookmark: _Hlk111196533]Strategy#1 and #3 achieve maximum coverage if CLI is negligible.
· Strategy#3 achieves maximum coverage under low and medium DL load conditions.
· Strategy#2 achieves maximum coverage under high DL load conditions.
Proposal 5: [bookmark: _Ref111197526]The following can be assumed for coverage evaluation:
· Strategy#3 is used for coverage enhancement when DL RU is low or medium. 
· Strategy#2 is used for coverage enhancement when DL RU is high.
Evaluation of DTDD
In this section, we evaluate the impact of inter-gNB co-channel CLI and inter-UE co-channel CLI in HetNet (two-layer) scenarios with misaligned TDD patterns. For practical use cases with DTDD, we expect the TDD pattern applied in each layer is still the same; misalignment of TDD patterns may happen between two layers but not among cells in the same layer. The considered scenario is illustrated in Figure 9. The macro cells adopt one static TDD pattern, while the small cells use another TDD pattern with more UL slots. Refer to scenario 1 in TR36.872, the small cells are cluster-based small cells which are dropped within clusters. Detailed parameters used in this section are listed in Table 4. Since the macro cells and the small cells have different TDD patterns, slots can be classified as CLI slots and non-CLI slots. During CLI slots, there will be inter-gNB co-channel CLI and inter-UE co-channel CLI at gNB side and UE side, respectively.
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[bookmark: _Ref111130048]Figure 9: Topology for the simulation.
Evaluation for Inter-gNB CLI
For evaluating inter-gNB co-channel CLI, we focus on victim small cells since the macro cells as aggressors have larger transmission power and thus inter-gNB co-channel CLI from the macro cells may be severe. Figure 10 depicts the TDD patterns and resource utilization (RU) in the simulation.
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[bookmark: _Ref111130392]Figure 10: TDD patterns and resource utilization (RU) for evaluating inter-gNB co-channel CLI.
Figure 11 shows the post-processing UL SINR for two slot types, CLI slot and non-CLI slot. Compared with non-CLI slots, CLI slots have about 20 dB SINR degradation. If we ideally cancel the inter-gNB co-channel CLI in the CLI slots, the resulted SINR comes close to the SINR in non-CLI slots (non-CLI slots is worser because they have additional UE interference from Macro UE). This implies that the inter-gNB co-channel CLI from macro cells impact the small cells a lot and receiving condition for the small cells will vary in a higher range from slot to slot.
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[bookmark: _Ref111130550]Figure 11: Post-processing UL SINR.
Figure 12 presents more details from the aspect of UL interference components in CLI slots. We showed the largest three inter-gNB co-channel CLI and CCI contributed by UEs in neighbouring cells. As can be seen from this figure, the largest one inter-gNB co-channel CLI is very close to the total the largest one inter-gNB co-channel CLI. This shows that the largest one almost dominates the inter-gNB co-channel CLI value. Besides, CCI from Macro UEs and small cell UEs is relatively low as compared with inter-gNB co-channel CLI.
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[bookmark: _Ref111130748]Figure 12: UL interference component power
Observation 13: [bookmark: _Ref111195936]In the examined HetNet scenario with misaligned TDD patterns, inter-gNB co-channel CLI causes about 20dB SINR degradation. CLI is much larger than CCI, and the strongest CLI component from one macro-cell aggressor dominates the CLI.
Evaluation for Inter-UE CLI
For evaluating inter-UE co-channel CLI, we consider Macro UE and small cell UE separately. Figure 13 depicts the TDD patterns and resource utilization (RU) in the simulation. The definition of slot type is also illustrated in the figure. “D-D slot” is a non-CLI slot, while “D-U slot” and “U-D slot” are CLI slots.
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[bookmark: _Ref111132045]Figure 13: TDD patterns and resource utilization (RU) for evaluating inter-UE co-channel CLI.
Macro UE: From Macro UE’s perspective, the interference consists of co-channel interference from neighboring macro cells and inter-UE co-channel CLI from small cell UE during “D-U slot”, while it consists of co-channel interference from neighboring Macro cells and small cells during “D-D slot”. Figure 14 shows the post-processing DL SINR for Macro UE. The UE suffers from co-channel interference from neighboring Macro cells in both slot types. SINR in D-U slots is slightly higher than that in D-D slots. In D-U slots, in contrast to D-D slots, there is additional inter-UE co-channel CLI but less DL interference from small cells. This indicates that inter-UE co-channel CLI has less impact to Master UE than co-channel interference from neighboring small cells.
Small cell UE: From small cell UE’s perspective, the interference consists of co-channel interference from neighboring small cells and inter-UE co-channel CLI from Macro UE during “U-D slot”, while it consists of co-channel interference from neighboring macro cells and small cells during “D-D slot”. Figure 14 shows the post-processing DL SINR for small cell UE. The small cell UE suffers from co-channel interference from neighboring small cells in both slot types. Compared with the SINR in “D-D slot” where co-channel interference is coming from neighboring macro cells, the SINR in “U-D slot” with additional inter-UE co-channel CLI is about 10dB higher. According to this result, we can conclude that inter-UE co-channel CLI is negligible when comparing it with co-channel interference from macro cells.
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[bookmark: _Ref111132182]Figure 14: Post-processing DL SINR for Macro UE (left part) and small cell UE (right part)
Figure 15 analyses the DL interference components for Macro UE and small cell UE. For both UE types, it is observed that co-channel interference from gNB (Macro cell and small cell) is much higher than inter-UE co-channel CLI.
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[bookmark: _Ref111132360]Figure 15: UL interference component power for Macro UE (left part) and small cell UE (right part)
Observation 14: [bookmark: _Ref111195968]In the examined HetNet scenario with misaligned TDD patterns, inter-UE co-channel CLI is negligible when compared with co-channel interference from gNB (macro cells and small cells).
Conclusion
In this contribution, we discussed the deployment scenarios and evaluations methodology/assumptions for SBFD and DTDD, and presented preliminary SLS evaluation results. We have the following observations and proposals:
‎Observation 1: Uniform random distribution does not depict a real-world scenario whereby users congregate to form groups/clusters.
‎Observation 2: The uniform random distribution results in separation distance between the UEs that is relatively large. Consequently, the effect of inter-UE CLI will not be captured in the evaluations.
‎Observation 3: SBFD improves uplink latency by up to 93.1% (54.6%) in InH (UMa) scenario.
‎Observation 4: CCI dominates the UL interference in InH scenario, and gNB CLI dominates it in UMa scenario.
‎Observation 5:‎Observation 5: SBFD can improve average UL UPT by 140.5% (50%) in InH (UMa) scenario.
‎Observation 6: In InH scenario, gNB CLI has limited impact on average UL UPT performance. It reduces average UPT by maximum 0.4% when RU is 70%. 
‎Observation 7: gNB CLI has severe impact on average UL UPT in UMa scenario, which can reduce average UL UPT by up to 9.1% when RU 70%. 
‎Observation 8: Inter-UE CLI has significant impact to the DL performance. 
‎Observation 9: SBFD slot has higher UL interference compared to UL-only slot due to gNB CLI, and the UL interference increases with the DL RU. 
‎Observation 10: For the considered scenario, coverage gain from Strategy#1 can be achieved if the ratio of sum of interference and noise in SBFD slots and UL-only slot is less than 5.36dB. 
‎Observation 11: For the considered scenario, SINR gain from Strategy#2 is . TB repetition in SBFD and UL-only slots helps to improve the uplink SINR and coverage. 
‎Observation 12: Different strategies achieve maximum coverage under different DL load conditions;
· Strategy#1 and #3 achieve maximum coverage if CLI is negligible.
· Strategy#3 achieves maximum coverage under low and medium DL load conditions.
· Strategy#2 achieves maximum coverage under high DL load conditions.
‎Observation 13: In the examined HetNet scenario with misaligned TDD patterns, inter-gNB co-channel CLI causes about 20dB SINR degradation. CLI is much larger than CCI, and the strongest CLI component from one macro-cell aggressor dominates the CLI. 
‎Observation 14: In the examined HetNet scenario with misaligned TDD patterns, inter-UE co-channel CLI is negligible when compared with co-channel interference from gNB (macro cells and small cells).

‎Proposal 1: No further prioritization between the deployment cases for SBFD is pursued in RAN1.
‎Proposal 2: For the evaluations of DTDD schemes, RAN1 should consider the deployment scenarios listed in Table 1.
‎Proposal 3: For the evaluations of SBFD and DTDD schemes, RAN1 should consider clustered UEs deployments to accurately capture the impact of inter-UE CLI. 
‎Proposal 4: For deployment scenarios with two operators, as starting point, 0% and 100% grid shift are assumed between the two operators’ gNBs. For the 100% grid shift in Macro deployment, gNBs of the second operator are shifted, relative to the gNBs’ locations of the first operator, by ±ISD/2 on one axis and ±ISD/(2*sqrt(3)) on the other axis.
‎Proposal 5: The following can be assumed for coverage evaluation:
· Strategy#3 is used for coverage enhancement when DL RU is low or medium. 
· Strategy#2 is used for coverage enhancement when DL RU is high.
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Appendix: Simulation assumptions in SLS evaluation
[bookmark: _Ref101777776]Table 3: Simulation assumptions in SLS for SBFD evaluation.
	Scenario
	FR1 UMa
	FR1 Indoor HotSpot

	Evaluation configuration
	Configuration A
	Configuration A

	Channel model
	UMa_A
	InH_A

	ISD
	500 m
	20 m (12TRxP)

	Traffic Type
	FTP model 3 with 0.5Mbyte and 0.1Mbyte as DL and UL packet size. Packet arrival rate is changed for different RUs
	FTP model 3 with 0.5Mbyte and 0.1Mbyte as DL and UL packet size. Packet arrival rate is changed for different RUs.

	Carrier Frequency
	4 GHz
	4 GHz

	System bandwidth
	100MHz
	100MHz

	Subcarrier spacing
	30 KHz
	30 KHz

	Symbols number per slot
	14
	14

	TDD Pattern
	DDDSU
	DDDSU

	SBFD configuration
	DXXXU
	DXXXU

	UL resources in SBFD slot
	20MHz in the center of channel bandwidth
	20MHz in the center of channel bandwidth

	Number of antenna elements per TRxP
	128Tx cross-polarized antenna
(M,N,P,Mg,Ng,Mp,Np) = (8,8,2,1,1,2,8)
	32Tx cross-polarized antenna
(M,N,P,Mg,Ng,Mp,Np) = (4,4,2,1,1,4,4)

	Number of TXRU per TRxP
	32TXRU
	32TXRU

	Number of antenna elements per UE
	4Rx 0°,90° polarization antenna
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2)
2Tx 0°,90° polarization antenna
(M,N,P,Mg,Ng,Mp,Np) = (1,1,2,1,1,1,1)
	4Rx 0°,90° polarization antenna
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2)
2Tx 0°,90° polarization antenna
(M,N,P,Mg,Ng,Mp,Np) = (1,1,2,1,1,1,1)

	Number of TXRU per UE
	2T4R
	2T4R

	Transmit power per TRxP
	56dBm
	31dBm

	UE max Tx power
	23dBm
	23dBm

	TRxP number per site
	3
	1

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

	Electronic tilt
	105deg in LCS
	90deg in LCS

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	MU-PF in DL and SU-PF in UL
	MU-PF in DL and SU-PF in UL

	ACK/NACK delay
	Next available UL slot
	Next available UL slot

	MIMO mode
	MU-MIMO with max rank 2 adaptation per user, Maximum MU layer = 12
SU-MIMO with max rank 2 adaptation per user
	MU-MIMO with max rank 2 adaptation per user, Maximum MU layer = 12
SU-MIMO with max rank 2 adaptation per user

	Receiver type
	MMSE-IRC
	MMSE-IRC

	CSI feedback
	5 slots period based on CSI-RS with delay
	5 slots period based on CSI-RS with delay

	Precoder derivation
	NR Type II codebook based
	NR Type II codebook based

	Power control
	α= 0.6, P0 = -60dBm
	α= 0.9, P0 = -86dBm

	Power backoff model
	Continuous RB allocation: follow TS 38.101;
Non-continuous RB allocation: additional 2 RB reduction
	Continuous RB allocation: follow TS 38.101;
Non-continuous RB allocation: additional 2 RB reduction

	Overhead (DL)
	PDCCH
	2 complete symbols
	2 complete symbols

	
	DMRS
	Type II, based on MU-layer (dynamic in simulation)
	Type II, based on MU-layer (dynamic in simulation)

	
	CSI-RS
	32 ports per 5 slots
	32 ports per 5 slots

	
	SSB
	1 SSB per 20 ms
	1 SSB per 20 ms

	
	TRS
	2 consecutive slots per 20ms, 1 port, 50PRB
	2 consecutive slots per 20ms, 1 port, 50PRB

	Overhead (UL)
	PUCCH
	2 RBs, 14 OFDM symbols
	2 RBs, 14 OFDM symbols

	
	DMRS
	Type II, 1 additional DMRS symbol, and no FDM with PUSCH
	Type II, 1 additional DMRS symbol, and no FDM with PUSCH

	
	SRS
	2 symbols per 5 slots,
8 RBs per symbol
	2 symbols per 5 slots,
8 RBs per symbol

	Channel estimation
	Ideal
	Ideal

	Waveform
	OFDM
	OFDM



[bookmark: _Ref111130198]Table 4: Simulation assumptions for evaluation of DTDD.
	Parameter
	Macro cell
	Small cell

	Layout
	3 TRxP per site
7 Macro sites. 
ISD = 500m 
	Uniformly random dropping clusters within a macro cell (1 cluster per macro cell)
Uniformly random dropping small cells within a cluster (4 small cell per cluster) 

	System bandwidth 
	20 MHz

	Carrier frequency 
	3.5 GHz

	Subcarrier spacing
	30 kHz

	Transmit power per TRxP
	46 dBm
	30 dBm 

	UE max TxPower
	23dBm

	Channel model
	UMa in TR 38.901: Macro cell-Macro cell, Macro cell-UE, Macro cell-small cell
UMi in TR 38.901: Small cell-small cell, Small cell-UE, UE-UE

	Antenna Height
	Macro cell: 25m
Small cell: 10m
UE: 1.5m

	Antenna gain 
	Macro cell: 8 dBi:
Small cell: 8 dBi:
UE: 0 dBi:

	BS antenna configuration
	{M, N, P, Mg, Ng, Mp, Np} = {4, 4, 2, 1, 1,4,2} (4TXRU)
(dH, dV) = (0.5, 0.5) λ
	{M, N, P, Mg, Ng, Mp, Np} = {4, 4, 2, 1, 1,4,2} (4TXRU)
(dH, dV) = (0.5, 0.5) λ

	UE antenna configuration 
	{M, N, P, Mg, Ng, Mp, Np} = {1, 2, 2, 1, 1,1,1} (4TXRU)
(dH, dV) = (0.5, 0.5) λ

	Radius for dropping in a cluster 
	Small cell: 50m 
UE cell: 70m

	UE Number
	UEs per cluster (uniformly random dropping)
5 UEs per macro cell (uniformly random dropping)
All UEs are outdoor

	Minimum 2D distance
	Small cell – small cell: 20m
Small cell – UE: 5m
Macro cell – cluster center: 105m
Macro cell – UE : 35m
cluster center – cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model
	FTP Model 3. File size: 0.5 Mbytes 

	Traffic ratio
	DL:UL = {4.75:0.25}
	DL:UL = {3:1}

	TDD pattern (S: flexible slot)
	{DDDSU}
{DDDSU}
	{DSUUU}
{DU}

	Receiver type
	MMSE-IRC

	BS noise figure
	5 dB
	9 dB

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP with cell range extension of 7.5 dB for the small cells
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