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1. Introduction
At the RAN#94e meeting, a new SID [1] on “Study on evolution of NR duplex operation” was approved. The detailed objectives are as follows.

	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· 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. 



In this contribution, we discuss on the evaluation of NR duplex evolution.

2. System Level Simulation 
2.1. Deployment scenarios
At the RAN1#109-e meeting, the deployment scenarios for SLS were discussed and following agreement was made [2].

	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 1 is the typical and baseline scenario for the study and evaluation, since it is more simple deployment for the evaluation and can be one of the potential deployment scenarios for SBFD operation. Therefore, it should be prioritized for the evaluation. Concerning deployment Case 4, one of the potential benefits of SBFD is for inter-operator interference handling with using the subbands as guard bands, therefore, Case 4 can also be considered for the evaluation.  

Proposal 1: Deployment Case 1 should be prioritized for the evaluation, and Case 4 can be considered as the 2nd priority.


2.2. Simulation assumptions for System Level Simulation
At the RAN1#109-e meeting, the evaluation scenarios for SLS were discussed and following agreement was made [2].

	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 evaluation scenarios, simulation assumptions for SLS should be defined. In the work item of Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR, system level simulation was performed to study the system performance loss due to the CLI [3]. The system performance loss due to the CLI and self-interference are assumed for the SBFD deployment, and hence simulation assumptions defined in Tables 5.2.1.1.1-1, 5.2.1.1.2-1, 5.2.1.1.3-1, and 5.2.1.4-1 in [3] can be reused for the SBFD evaluation. In addition, following parameters are not defined in the tables. In order to align the simulation results across companies, they should also be defined for the evaluation.
· Subcarrier spacing 
· UE antenna number/configuration 
· BS/UE TxRU configuration 
· Modulation of DL/UL (e.g. up to 256QAM) 
· UE speed (e.g. 3km/h)

Proposal 2: Simulation assumptions defined in Tables 5.2.1.1.1-1, 5.2.1.1.2-1, 5.2.1.1.3-1, and 5.2.1.4-1 in TR 38.828 are the baseline for the simulation assumptions for SBFD evaluation.

Proposal 3: Subcarrier spacing, UE antenna number/configuration, BS/UE TxRU configuration, modulation of DL/UL, and UE speed should be defined for the evaluation.


2.3. SBFD configurations
At the RAN1#109-e meeting, the SBFD configurations were discussed and following agreement was made [2].

	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.



For the legacy TDD operation and SBFD operation, four alternatives for UL and DL configurations were defined for the evaluation of Deployment Case 1. There is not so much difference for the configurations among the alternatives. Therefore, in order to reduce the workload of the study, prioritization of the configurations should be considered. In the typical and baseline scenario, DL and Special slots in legacy TDD pattern can be replaced by SBFD slot (X slot). Therefore Alt 2 is prioritized for the evaluation.

Proposal 4: For UL/DL configurations for legacy TDD operation and SBFD operation, Alt 2 should be prioritized for the evaluation.


2.4. Calibration
In [4], work plan on Rel-18 evolution of NR duplex operation SI was presented, and the calibration for simulation results based on defined simulation assumptions was proposed. In IMT-2020 self-evaluation, the calibration was performed and results were summarized in [5]. For the SBFD evaluation, new features should be introduced to the SLS, and hence performing the calibration is beneficial for the study. In IMT-2020 self-evaluation, DL geometry and coupling gain were used as the calibration metrics, and they can be baseline metric for the study. In addition, additional metric such as UL SINR for Deployment Case 1 can be considered with considering the additional interference for SBFD operation. 

Proposal 5: DL Geometry and Coupling gain are baseline for calibration metrics, and UL SINR is considered for additional calibration metrics for Deployment Case 1.


3. Link Level Simulation for coverage metric
At the RAN1#109-e meeting, the metrics for the evaluation were discussed and following agreement was made [2].
	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



For the coverage metric, MPL is one of the metrics in Rel-17 study on NR coverage enhancements. Since MPL is the sufficient metric for coverage evaluation, it can also be used for the study of duplex enhancement. In order to derive the MPL, link level simulation (LLS) needs to be performed, and hence link level simulation assumptions should be defined.

Proposal 6: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

3.1. Simulation assumptions for LLS
LLS was performed in the study on NR coverage enhancements and LLS simulation assumptions are summarized in [6]. For the study of duplex enhancement, we can follow the evaluation scenarios and target performance in the study on coverage enhancement, and hence the simulation assumptions in TR 38.830 can be a baseline. In addition, additional parameters need to be considered as shown in Fig.1. Especially, power difference between evaluation channel and interference channel is one of key parameters, and hence how to derive the power difference is important. 

· Power difference between evaluation channel/subband and interference channel/subband
· As shown in Fig.1 for UL channel evaluation, the PSD difference between UL channel transmitted by UE and DL interference signals transmitted by gNBs at gNB reception point needs to be studied and defined. For the DL interference signals, both self-interference (intra-gNB interference) and CLI interference (inter-gNB interference) need to be considered.
· Channel bandwidth of interference channels/subbands
· The bandwidth of interference channels/subbands may affect the interference level at adjacent victim channels/subbands. For example, if the bandwidth of interference channel/subband is narrower, the interference level at the adjacent victim channel/subband would be smaller with given fixed guard band since the power level of side-lobe increases with the bandwidth.
· Guard band between victim channel/subband and interference channel/subband

Proposal 7: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement, and additional parameters such as “power difference”, “bandwidth of interference channels/subbands”, and “bandwidth of guard band” are considered.

[image: ]
Figure 1. Example of potential simulation assumptions for LLS.


3.2. Initial MPL results
In [7], as an initial LLS evaluation, PUSCH performance evaluation results are shown with changing PSD difference between PUSCH channel and interference channels for both eMBB and VoIP scenarios. Fig.2 summaries an intial MPL results derived based on the LLS evaluation results. As shown in Fig.2 (a) for FR1 eMBB, no remarkable MPL degradation is observed when guard band is 5 PRBs and 25 PRBs with 10,20, 30 dB PSD diference. On the other hands, for VoIP, MPL degradation of 3.0 dB, 0.6 dB are observed for 5 PRBs and 25 PRBs guard band with 40 dB PSD difference, respectively. Since required SNR for VoIP is 9 dB lower than that for eMBB, small degradation was expected with up to 40 dB PSD difference with considering the eMBB results. However, we observed larger MPL degradation than we expected. In this evaluaton, whole channel bandwidth are occupied by the PUSCH, interference channels, and gurad bands so that the bandwidth of interference channels are increased while decreasing the bandwidth of PUSCH. Therefore, the larger bandwith of interference signals that increase the emissions of interference signals would be one of the reasons for the larger degradation, and hence the bandwidth of interference singals is one of the important factors for the evaluation. As shown in Fig.2 (b) for FR2 eMBB, MPL degradation of 2.7 dB, 0.3 dB are observed for 1 PRB and 6 PRBs guard band with 30 dB PSD difference, respectively. No remarkable MPL degradation is obeserved when the PSD difference is smaller. Since required SNR is higher than that for FR1, wider guard band or smaller PSD difference is required. Therefore, PSD difference and guard bandwidth are key parameters for the evaluation. In addition, for FR 2 VoIP, MPL degradation of 3.4 dB, 0.3 dB are observed for 1RBs and 6 RBs guard band with 30 dB PSD difference, respectively. As well as FR1 VoIP results, although the required SNR is 12.5 dB lower than that for eMBB, we observed the degradation of PUSCH performance due to larger bandwidth of interference signals. Based on the results, we could make following observations.

Observations : 
· FR1 eMBB : no remarkable MPL degradation is observed when guard band is 5 PRBs and 25 PRBs with 10,20, 30 dB PSD diference.
· FR1 VoIP : MPL degradation of 3.0 dB, 0.6 dB are observed for 5 PRBs and 25 PRBs guard band with 40 dB PSD difference.
· Larger bandwith of interference signals is one of the reasons for the degradation compared with eMBB
· FR2 eMBB : MPL degradation of 2.7 dB, 0.3 dB are observed for 1 PRB and 6 PRBs guard band with 30 dB PSD difference, respectively.
· Since required SNR is higher, wider guard band or small PSD difference is required
· PSD difference and guard bandwidth are key parameters for the evaluation
· FR2 VoIP : MPL degradation of 3.4 dB, 0.3 dB are observed for 1 PRB and 6 PRBs guard band with 30 dB PSD difference, respectively.
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(a) FR1


[image: ]
(b) FR2
Figure 2. MPL results for subband non-overlapping full duplex..

4. Conclusion
In this contribution, we discussed on the evaluation of NR duplex operation. Based on the discussion we made the following proposals and observations.

Proposal 1: Deployment Case 1 should be prioritized for the evaluation, and Case 4 can be considered as the 2nd priority.

Proposal 2: Simulation assumptions defined in Tables 5.2.1.1.1-1, 5.2.1.1.2-1, 5.2.1.1.3-1, and 5.2.1.4-1 in TR 38.828 are the baseline for the simulation assumptions for SBFD evaluation.

Proposal 3: Subcarrier spacing, UE antenna number/configuration, BS/UE TxRU configuration, modulation of DL/UL, and UE speed should be defined for the evaluation.

Proposal 4: For UL/DL configurations for legacy TDD operation and SBFD operation, Alt 2 should be prioritized for the evaluation.

Proposal 5: DL Geometry and Coupling gain are baseline for calibration metrics, and UL SINR is considered for additional calibration metrics for Deployment Case 1.

Proposal 6: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

Proposal 7: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement, and additional parameters such as “power difference”, “bandwidth of interference channels/subbands”, and “bandwidth of guard band” are considered.

Observations : 
· FR1 eMBB : no remarkable MPL degradation is observed when guard band is 5 PRBs and 25 PRBs with 10,20, 30 dB PSD diference.
· FR1 VoIP : MPL degradation of 3.0 dB, 0.6 dB are observed for 5 PRBs and 25 PRBs guard band with 40 dB PSD difference.
· Larger bandwith of interference signals is one of the reasons for the degradation compared with eMBB
· FR2 eMBB : MPL degradation of 2.7 dB, 0.3 dB are observed for 1 PRB and 6 PRBs guard band with 30 dB PSD difference, respectively.
· Since required SNR is higher, wider guard band or small PSD difference is required
· PSD difference and guard bandwidth are key parameters for the evaluation
· FR2 VoIP : MPL degradation of 3.4 dB, 0.3 dB are observed for 1 PRB and 6 PRBs guard band with 30 dB PSD difference, respectively.
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