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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. Calibration for deployment case 1
At the RAN1#110bis e-meeting, SLS calibration was discussed, following agreement was made [2].

	Agreement
RAN1 to conduct a SLS calibration for evaluation of SBFD operation.
· The calibration focuses on the following scenarios of SBFD deployment case 1
· FR1: Urban Macro
· FFS: Indoor office
· FR2: Dense Urban Macro layer
· Regarding metrics used for SLS calibration, consider the following:
· gNB-UE coupling loss
· Inter-gNB coupling loss
· Inter-UE coupling loss
· Optional: DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
· Optional: DL SINR in SBFD slots
· Optional: UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
· Optional: UL SINR in SBFD slots
· FFS: the detailed definitions of the metrics listed above



RAN1 agreed to conduct a SLS calibration for the evaluation, and detailed definitions of the calibration metrics are FFS. In IMT-2020 self-evaluation, SLS calibration was performed using calibration metrics such as the DL geometry and coupling gain. Therefore, it would be possible to reuse the calibration metrics of IMT-2020 self-evaluation e.g., B.1-2 in TR37.910 can be reused for the coupling loss definition.

Proposal 1: As a SLS calibration metric for evaluation of SBFD operation, the coupling loss definition described in IMT-2020 self-evaluation (B.1-2) can be reused.

2.2. Evaluation on NR duplex evolution for deployment case 4
At the RAN1#110bis e-meeting, the deployment scenarios and simulation assumptions for deployment case 4 were discussed and following agreement was made [2].

	Agreement
For SBFD deployment case 4, reuse the traffic model assumptions of SBFD deployment case 1 as much as possible.
· For comparison, the packet arrival rates are kept the same for each corresponding operator in baseline legacy TDD case (i.e., legacy TDD for both Operator#1 and Operator#2) and SBFD deployment case 4 (i.e., legacy TDD for Operator#1 and SBFD for Operator#2) respectively.
· The UL traffic load and DL traffic load can be independently selected for each operator.



Concerning to the evaluation of two networks, an example of the frequency allocations is shown in Fig.1. The interference caused by UL subband in channel A is concerned for the operation in channel B, and DL subband in channel A is expected to be used as the guard band. Therefore, evaluation of DL performance of network B is also important as well as the evaluation of UL/DL performance of network A. 


[image: ]
Fig.1 Example of frequency allocations for deployment case 4.

Proposal 2: For deployment case 4, evaluation of DL/UL performance for SBFD operation and DL performance for legacy TDD operation should be performed.

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 [3].
	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 used 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 3: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

For the procedure of deriving the MPL using LLS, following two steps can be considered. How to consider interference, e.g. self-interference, gNB-to-gNB CLI, UE-to-UE CLI, is additional point for the study of duplex enhancement using LLS and link budget template, and it can be considered in the link budget template.

Step 1 : 
Perform LLS to derive SNR for the target data rate under simulation assumption and scenarios. 
Step 2 : 
Perform link budget analysis using link budget template to derive MPL using SNR derived in step 1. The link budget templet includes a certain value for interference, e.g. self-interference, gNB-to-gNB CLI, UE-to-UE CLI. How to derive the interference value should be further studied.

Proposal 4: MPL can be derived by link budget template using SNR derived by LLS, and the template includes a certain value for interference to take a performance impact from self-interference, gNB-to-gNB CLI and UE-to-UE CLI into account.

LLS was performed in the study on NR coverage enhancements and LLS simulation assumptions are summarized in [4]. For the study of duplex enhancement, the evaluation scenarios and target performance in the study on coverage enhancement can be reused, and hence the simulation assumptions in TR 38.830 can be considered as a baseline. 

Proposal 5: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement.

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

Proposal 1: As a SLS calibration metric for evaluation of SBFD operation, the coupling loss definition described in IMT-2020 self-evaluation (B.1-2) can be reused.

Proposal 2: For deployment case 4, evaluation of DL/UL performance for SBFD operation and DL performance for legacy TDD operation should be performed.

Proposal 3: MPL is used for the coverage evaluation, and link level simulation is performed to derive MPL.

Proposal 4: MPL can be derived by link budget template using SNR derived by LLS, and the template includes a certain value for interference to take a performance impact from self-interference, gNB-to-gNB CLI and UE-to-UE CLI into account.

Proposal 5: LLS simulation assumptions in TR 38.830 is a baseline for study of duplex enhancement.
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