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Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with following objectives:
	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).
· 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).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



Specifically, this contribution provides recommendations for the evaluation methodology building on the agreements and discussion that took place in RAN1#109-e.
[bookmark: _Hlk510705081]Evaluation methodology for dynamic TDD
Simulation scenarios
Scenarios for evaluation of dynamic/flexible TDD were discussed in RAN1#109-e meeting. The following proposal was brought up by the moderator in R1-2205540, although an agreement could not be reached: 
	Updated proposal 2-1c:
For evaluation of dynamic/flexible TDD, consider the following scenarios:
· FR1
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
· Adjacent-channel coexistence case between dynamic TDD and legacy TDD
· FFS: detailed scenario for adjacent-channel coexistence case
· FFS: detailed simulation assumptions that are different from the Rel-16 co-existence study. 
· Urban Macro with dynamic TDD UL/DL assignment
· Dense Urban with two layers deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Micro gNBs use dynamic TDD UL/DL assignment
· FR2-1
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment
· Adjacent-channel coexistence case between dynamic TDD and legacy TDD
· FFS: detailed scenario for adjacent-channel coexistence case
· FFS: detailed simulation assumptions that are different from the Rel-16 co-existence study. 
Note: 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.




The most controversial aspect of the proposal above is that companies have different views on the need for performing new adjacent coexistence studies. The latest TDD adjacent channel existence studies were conducted by RAN WG4 during Rel-16 study on cross-link interference (CLI) handling and Remote Interference Management (RIM) for NR [TR 38.828]. The studies included several deployments scenarios including macro-to-macro coexistence and indoor-to-indoor coexistence. A macro-to-indoor and indoor-to-macro coexistence were also considered. These scenarios are well aligned with companies’ priorities on which are the deployments scenarios for dynamic TDD according to the discussions on RAN1#109-e. 
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Rel-16 coexistence studies.
Moreover, the studies were carried out for FR1 and FR2 frequency ranges. Fully aligned, partly aligned and fully misaligned TDD radio frame configuration between aggressor and victim nodes as well as full buffer and 10% resource utilization traffic conditions were studied. Up-to-date assumptions about RAN4 minimum requirements for adjacent channel leakage ratio (ACLR) and adjacent channel selectivity (ACS) were also considered to model the gNB-gNB and UE-UE adjacent cross-link interference. 
Therefore, our view is that the conclusions from the Rel-16 coexistence studies are valid for the Release 18 discussions. Adjacent channel coexistence studies should only be considered for Rel-18 only if significant changes on the underlying assumptions are agreed.
Proposal 1: Unless significant changes on the parameters/assumptions from the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
For the co-channel evaluation, we think that the indoor office scenario and the HetNet scenario as discussed in RAN1#109-e should be prioritized. For the latter one, our preference is to assume that the indoor cells adopt dynamic TDD (Option 2). Enabling dynamic TDD will introduce cross-link interference between gNBs and UEs of the same building and, in our view, it is important to capture and analyze these effects. 
Proposal 2: For evaluation of dynamic/flexible TDD, consider at least the following co-channel scenarios for FR1:
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
Evaluation methodology for Sub-band non-overlapping Full duplex
Simulation scenarios
The following agreements were reached in RAN#109-e regarding the evaluation of 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.

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, the following proposals were brought up by the moderator for the evaluation scenarios for Deployment Case 2-4, but no agreements were reached: 
As observed in the first agreement above, four deployment types/cases were agreed covering different types of co-existence scenarios. For Deployment Case 2-4, the following proposals were brought up by the moderator, but no agreements were reached:
	Updated proposal 1-2c:
For SBFD evaluation from RAN1 perspective, 
· High priority
· Deployment Case 1 
· FFS: Deployment Case 4 (strive for SLS methodology used in RAN1 to be coordinated with RAN4)
· FFS: Deployment Case 3-2 with 2-layer, in which one layer uses legacy TDD operation and the other layer uses SBFD operation
· Optional
· Deployment Case 3-1 with 1-layer
· Deployment Case 2
Note: For deployment cases that are optional, 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.

Updated proposal 1-4b:
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



For Updated proposal 1-2c above, there was an approximately 50-50 split between companies supporting the prioritization and companies thinking that prioritization is not necessary as it is up to each company to provide the results for each case. In this regard, for simulation effort perspective and usefulness of the results, our preference is to prioritize Deployment Case 1 (co-channel non-coexistence case) over Deployment Case 2 and 3, while Deployment Case 4 (adjacent-channel coexistence case) should only be considered if there are significant changes on the parameters/assumptions compared to the previous Rel-16 adjacent coexistence studies, e.g. in terms of ACLR/ACS. To speed up the progress, we can also accept to simply agree on the simulation scenarios and assumptions for each of the deployment cases while leaving the priority aspect up to each company. 
Proposal 3: For SBFD evaluation from RAN1 perspective, RAN1 to agree on the evaluation scenarios and assumptions for each of the Deployment Cases 1-4 (with RAN4 coordination, when needed), while it is up to each company to simulate and provide results for each of the agreed deployment cases and scenarios.
· Note: the number of simulation scenarios should be kept relatively small to ensure that sufficient number of simulation results per scenario are collected and conclusions can be drawn. 

Proposal 4: System-level evaluations for Deployment Case 4 (adjacent-channel coexistence case) should only be pursued if there are significant changes on the parameters/assumptions compared to the previous Rel-16 TDD adjacent coexistence studies, e.g. in terms of gNB ACLR/ACS.
Now on the simulation scenarios, for SBFD Deployment Case 1 both Indoor and urban/dense urban macro scenarios have been already agreed for FR1 and FR2-1 deployments cases. As noted in the agreement above, there are two FFS on whether FR1 rural and FR2-2 evaluations should be pursued as well. We do not think these additional scenarios are needed as i) rural scenarios can be better covered with low-band FDD paired spectrum and ii) FR2-2 has uncertain market rollout for the current moment, but also considering the large number of scenarios already agreed. For Deployment Case 4, which we also consider of high priority, we think Urban Macro (for FR1) and Dense Urban (for FR1 and FR2) should have the most interest. 
Proposal 5: For evaluation of SBFD Deployment Case 1, FR1 Rural and FR2-2 are not considered. 
Proposal 6: For evaluation of SBFD Deployment Case 4 (Adjacent-channel co-existence case), consider	Urban Macro (FR1) and Dense urban (FR1, FR2) as the main scenarios.
In addition, for the remaining SBFD Deployment Case 2 and 3, even though we regard these as low priority, the following scenarios are our preference: 
Proposal 7: For evaluation of SBFD Deployment Case 2 and 3, consider the following deployment scenarios:
· Deployment Case 2: Reuse the scenarios agreed for Deployment Case 1.
· Deployment Case 3-2 (2-layer): Adopt similar scenario as for flexible/dynamic TDD evaluations e.g.: HetNet with Urban Macro and Indoor office deployed in the same carrier. Macro gNBs use DL dominant static TDD UL/DL configuration and indoor gNBs use SBFD operation with the same SBFD subband configuration.

UE clustering for Urban Macro scenario
As highlighted in the RAN1#109-e agreement above, there is an FFS on outdoor/indoor proportion and clustering of UEs in the UMa scenario. For the former point, we think the default 80% indoor ratio assumption from TR 38.901 can be reused. For the placement of the UEs, using the existing model in TR 38.901 where users are uniformly distributed in the x-y plane, results in overall low probability of having two or more UEs near to each other, especially when only a few UEs are deployed in each cell (e.g. 10 or less). This is contrary to real-life scenarios, where users tend to gather is same physical locations, e.g. in an bus, meeting room, auditorium, restaurant, etc. Such low probability of nearby UEs results in optimistically high coupling loss between UEs meaning that the effects of UE-UE inter-subband interference may not be as high as compared to real life. As an example, we have simulated UMa scenario with UE deployment as per TR 38.901 (10 UEs per cell, 80% indoor UEs with uniform distribution in x-y and across different floors in buildings) – see our companion distribution R1-2207267 for more details on the simulation assumptions. Figure 2 shows the DL UE throughput and corresponding coupling gain between UEs. For the coupling gain, for each UE in the simulation, we collect the coupling gain towards the remaining 210-1 = 209 UEs. It is observed that 99% of the coupling gain samples have a coupling gain of -110 dB or less, while only 0.1% of the UE-UE links have a coupling gain below -95 dB. Such high separation between UEs results in negligible impact of the UE DL throughput as observed when comparing the UE DL throughput with and without UE-UE interference modelling. Note that UE-UE inter-subband interference scenarios have also been analysed in our contribution R4-2212848 where we observed some performance degradation when the UE-UE coupling loss is 80 dB or less. 
[image: ][image: ]
[bookmark: _Ref111120635]Figure 2: Coupling gain between UEs and DL UE throughput. Results show negligible impact of the UE-UE interference in the UE DL throughput due to sparse (uniform) UE deployment in UMa scenario. 
For this reason, at least for UMa layout, we think more realistic UE placement is needed that better capture the effect of dense user clustering in certain geographical areas. One option is to define a variant of the traditional UMa scenario where a certain proportion of the users are inside the same building; for instance, the UE deployment can be similar to the HetNet scenario proposed for dynamic TDD in Section 2 but without modelling the small-cell layer. 
Observation 2: For the placement of UEs in UMa scenario, the default assumption of uniform distribution of UEs (in x-y plane) results in large physical separation between UEs meaning that the effects of UE-UE inter-subband interference may not be as high as compared to real life. Simulation results show no impact on the UE DL throughput performance when comparing the cases with and without UE-UE interference modelling.
Observation 3: Based on our UE-to-UE interference analysis in R4-2212848, performance degradation due to UE-to-UE interference starts to occur when the corresponding coupling loss is 80 dB or less.
Proposal 8: To better model the effects of UE clustering in the UMa scenario, consider an alternative UE placement method where a certain proportion of the users are inside the same building, e.g. an indoor office building with multiple UEs is placed in each cell area (similar as for the scenarios discussed under dynamic/flexible TDD), or one or more ‘UE hotspots’ are placed in each area similar as the ones defined in LTE small cell study TR 36.932. 
Channel modelling aspects 
The following agreements were reached in RAN#109-e regarding channel modelling aspects for SBFD and dynamic/flexible TDD evaluation:
	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 modeled.
· 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).

 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
 
Agreement
For SBFD simulation, consider 4GHz for FR1 and 30GHz for FR2-1.



One of the FFSs is about whether/how to update LOS probability for gNB-gNB channel calculations. As illustrated in Figure 2, for the agreed TR 38.901 UMa scenario with 500 meter ISD, the LOS probability is 0.3 for a transmitter-receiver 2D distance of 500 meter (corresponding to the ISD). In RAN1#109 discussions, some companies raised that this LOS probability may be optimistically low, considering this scenario resembles urban areas where the BSs are mounted above rooftop levels of surrounding buildings. Nevertheless, for simplicity, we think current UMa LOS probability can be reused for the purposes of evaluation.
Proposal 9: For gNB-gNB channel model, reuse the LOS probability in TR 38.901.
 [image: ]
[bookmark: _Ref111115956]Figure 3: Line of sight probability for different UE heights in UMa scenario.

Additionally, the channel model for UE-to-UE links still need to be agreed. Two alternatives were discussed in the RAN1#109-e meeting as shown in the latest proposal from the moderator below: 
	Updated proposal 4-4-3b:
For UE-UE channel model, select option 1:
· 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.



While Option 1 gathered the most support in RAN1#109-e meeting, as pointed in our previous Tdoc [R1-2204430] and also by Qualcomm in the moderator summary R1-2205540, going for Option 1 may require further adjustments to the line-of-sight (LOS) probability calculations as these do not take into account the Tx-Rx height for calculating the LOS probability. In other words, the LOS probability for a gNB-UE link and UE-UE link and gNB-gNB link are the same for a certain 2D distance between the transmitter and receiver. For this reason, we think it makes more sense to adopt Option 2 instead. 
Observation 4: Reusing TR 38.901 UMi or InH models for UE-UE pathloss calculations may require further adjustments to the line-of-sight (LOS) probability calculations as these only depend on 2D distance but not the Tx-Rx height.  
Proposal 10: For the UE-to-UE channel model for dynamic/flexible TDD and SBFD evaluations, adopt ‘Option 2’ from R1-2205540 RAN1#109-e discussions, i.e. reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 with necessary modifications.

Traffic models and KPIs
The following agreements were reached in RAN#109-e regarding traffic models and KPIs for SBFD and dynamic/flexible TDD evaluation:
	[bookmark: _Hlk110516874]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 
 
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




It has been agreed to use (at least) FTP3 traffic for the evaluations, while the actual traffic model details (packet size, arrival rate, etc.) are still for further discussion. In this regard, for the packet size, our proposal is to at least consider both a large (e.g. 0.5 MB) and small (e.g. 1500 B) payload size. The large payload size is more appropriate when studying e.g. throughput and spectral efficiency performance where 0.5 MB (4 Mb) has been often used in previous 3GPP studies, while the small payload size may be more relevant for latency and reliability analysis e.g. similar to the traffic profiles used in earlier URLLC/IIoT evaluations. 
For the arrival rate and ratio of DL/UL traffic, it is at least important to evaluate the performance of SBFD and dynamic/flexible TDD in both low loaded and highly loaded conditions. We think a reasonable approach is to first fix the DL:UL traffic ratio to one or more possible values, e.g. 2:1 or 4:1, and then the arrival rate can be selected by each company in order to meet a certain PRB resource utilization target, e.g. 10% (low load) and 60% (high load), where the proposed definition of the resource utilization is presented later below. Since the resource utilization strongly related to the spectral efficiency of the system (for a certain traffic offered load), we think the case with legacy static TDD is used  as the baseline for determining the arrival rate. Note that agreeing on a concrete number for the arrival rate or offered load is not practical as the offered load should be dimensioned according to the network layout, carrier bandwidth, frequency range, among other assumptions that have not yet been agreed at this point in time. 

Proposal 11: For the traffic models for dynamic/flexible TDD and SBFD evaluations, consider FTP3 traffic as
· For FTP3 traffic:
· Assume payload sizes of at least 200-1500 Bytes (small packet) and 0.5 Mbytes (large packet).
· Assume the ratio of DL:UL traffic to be fixed to 2:1 (other values are not precluded)
· Arrival rate is selected to reach a certain PRB resource utilization target, e.g. 10% (low load) and 60% (high load). The legacy static TDD is selected as the baseline case for determining the arrival rate.
· FFS: the definition of the resource utilization.

Now, on the definition of the agreed metrics, for many of the KPIs the same definition as used for previous 3GPP evaluations can be used. For the resource utilization, we need some additional alignment between companies, as it is not straightforward how to derive the metric considering that the ratio of UL and DL resources is not fixed but may change over time (especially for dynamic TDD) but also across individual simulations. Here our proposal is that the resource utilization (RU) for a given link direction (DL or UL) is calculated as the number of occupied resources for the given link direction divided by the total amount of available resources irrespective of the link direction. For SBFD simulations this means that the maximum RU for a given link direction is equal to the ratio of resources assigned to the subband(s) of the given link direction. The RU denominator accounts for the resources dedicated to guard bands, therefore, the combined DL and UL RU won’t reach 100% (given that guard bands between subbands are configured).
Proposal 12: The resource utilization (RU) for a given link direction is calculated as the number of occupied resources for the link direction divided by the total amount of available resources irrespective of the link direction.
Other simulation assumptions to be agreed
In RAN1#109-e some agreements were reached for the channel models, traffic, KPIs, SBFD subband configurations, carrier frequency, etc. To ensure good alignment between the results provided by the different companies, we think some further aspects/assumptions need to be also agreed, e.g. MIMO settings, gNB transmit power, carrier bandwidth. For the already-agreed SBFD Deployment Case 1 Urban Macro (FR1), the following additional assumptions in Table 1 and Table 2 are proposed:
Proposal 13: For SBFD and dynamic/flexible TDD evaluations, RAN1 to agree on simulation bandwidth, gNB/UE transmit power and antenna gain, antenna panel model, among other assumptions.
· See Table 1 and Table 2 of this contribution for proposed simulation assumptions for FR1 UMa and InH for SBFD Deployment Case 1.

[bookmark: _Ref111126065]Table 1: Proposed simulation assumptions for FR1 UMa (SBFD, Deployment Case 1)
	Parameters
	Value

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm (46 dBm per 20 MHz)

	BS antenna element gain + connector loss
	8 dBi

	UE Tx power
	23dBm

	UE position
	Reuse 3D-UMa assumptions from TR 38.901/TR36.873: (80% indoor UE ratio uniformly distributed across floors)
FFS: Alternative model for UE clustering

	BS antenna configurations
	[bookmark: OLE_LINK36]Panel model: 
For static TDD: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) 
For SBFD: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) or (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1) 
dH = 0.5λ, dV = 0.8λ;
Companies report the antenna tilt 


	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	BS receiver
	MMSE-IRC as the baseline receiver.

	UE receiver noise figure
	9 dB

	Number of UEs per cell
	10, 20 

	UE speed
	Use 3 km/h for modeling fading channel 

	UE power control
	Companies report the PC mechanism used. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	UL/DL transmission scheme
	Companies report



[bookmark: _Ref111126066]Table 2: Proposed simulation assumptions for FR1 InH (SBFD, Deployment Case 1)
	Parameters
	Value

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	31 dBm (24 dBm per 20 MHz)

	BS antenna element gain + connector loss
	5 dBi

	UE Tx power
	23dBm

	BS antenna configurations
	Panel model: 
For static TDD: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) 
For static SBFD: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) or (2, 4, 2, 1, 1)
dH = 0.5λ, dV = 0.5λ;
90 degree downtilt antenna.

	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	BS receiver
	MMSE-IRC as the baseline receiver.

	UE receiver noise figure
	9 dB

	Number of UEs per cell
	10 

	UE speed
	Use 3 km/h for modeling fading channel 

	UE power control
	Companies report the PC mechanism used. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	UL/DL transmission scheme
	Companies report

	Channel estimation
	Realistic



Conclusion
In this contribution, we have provided our view on the evaluation assumptions for dynamic TDD and sub-band full duplex (SBFD) Rel-18 studies. 
We have the following observations and proposals:
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Rel-16 coexistence studies.
Proposal 1: Unless significant changes on the parameters/assumptions from the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
Proposal 2: For evaluation of dynamic/flexible TDD, consider at least the following co-channel scenarios for FR1:
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
Proposal 3: For SBFD evaluation from RAN1 perspective, RAN1 to agree on the evaluation scenarios and assumptions for each of the Deployment Cases 1-4 (with RAN4 coordination, when needed), while it is up to each company to simulate and provide results for each of the agreed deployment cases and scenarios.
· Note: the number of simulation scenarios should be kept relatively small to ensure that sufficient number of simulation results per scenario are collected and conclusions can be drawn. 
Proposal 4: System-level evaluations for Deployment Case 4 (adjacent-channel coexistence case) should only be pursued if there are significant changes on the parameters/assumptions compared to the previous Rel-16 TDD adjacent coexistence studies, e.g. in terms of gNB ACLR/ACS.
Proposal 5: For evaluation of SBFD Deployment Case 1, FR1 Rural and FR2-2 are not considered. 
Proposal 6: For evaluation of SBFD Deployment Case 4 (Adjacent-channel co-existence case), consider	Urban Macro (FR1) and Dense urban (FR1, FR2) as the main scenarios.
Proposal 7: For evaluation of SBFD Deployment Case 2 and 3, consider the following deployment scenarios:
· Deployment Case 2: Reuse the scenarios agreed for Deployment Case 1.
· Deployment Case 3-2 (2-layer): Adopt similar scenario as for flexible/dynamic TDD evaluations e.g.: HetNet with Urban Macro and Indoor office deployed in the same carrier. Macro gNBs use DL dominant static TDD UL/DL configuration and indoor gNBs use SBFD operation with the same SBFD subband configuration.
Observation 2: For the placement of UEs in UMa scenario, the default assumption of uniform distribution of UEs (in x-y plane) results in large physical separation between UEs meaning that the effects of UE-UE inter-subband interference may not be as high as compared to real life. Simulation results show no impact on the UE DL throughput performance when comparing the cases with and without UE-UE interference modelling.
Observation 3: Based on our UE-to-UE interference analysis in R4-2212848, performance degradation due to UE-to-UE interference starts to occur when the corresponding coupling loss is 80 dB or less.
Proposal 8: To better model the effects of UE clustering in the UMa scenario, consider an alternative UE placement method where a certain proportion of the users are inside the same building, e.g. an indoor office building with multiple UEs is placed in each cell area (similar as for the scenarios discussed under dynamic/flexible TDD), or one or more ‘UE hotspots’ are placed in each area similar as the ones defined in LTE small cell study TR 36.932. 
Proposal 9: For gNB-gNB channel model, reuse the LOS probability in TR 38.901.
Observation 4: Reusing TR 38.901 UMi or InH models for UE-UE pathloss calculations may require further adjustments to the line-of-sight (LOS) probability calculations as these only depend on 2D distance but not the Tx-Rx height.  
Proposal 10: For the UE-to-UE channel model for dynamic/flexible TDD and SBFD evaluations, adopt ‘Option 2’ from R1-2205540 RAN1#109-e discussions, i.e. reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 with necessary modifications.
Proposal 11: For the traffic models for dynamic/flexible TDD and SBFD evaluations, consider FTP3 traffic as
· For FTP3 traffic:
· Assume payload sizes of at least 200-1500 Bytes (small packet) and 0.5 Mbytes (large packet).
· Assume the ratio of DL:UL traffic to be fixed to 2:1 (other values are not precluded)
· Arrival rate is selected to reach a certain PRB resource utilization target, e.g. 10% (low load) and 60% (high load). The legacy static TDD is selected as the baseline case for determining the arrival rate.
· FFS: the definition of the resource utilization.

Proposal 12: The resource utilization (RU) for a given link direction is calculated as the number of occupied resources for the link direction divided by the total amount of available resources irrespective of the link direction.
Proposal 13: For SBFD and dynamic/flexible TDD evaluations, RAN1 to agree on simulation bandwidth, gNB/UE transmit power and antenna gain, antenna panel model, among other assumptions.
· See Table 1 and Table 2 of this contribution for proposed simulation assumptions for FR1 UMa and InH for SBFD Deployment Case 1.
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